KINEMATICS 


KINEMATICS 


Study of motion of objects without taking into account the factors which cause the motion (i.e. nature of force). 


FRAME OF REFERENCE 


Motion of a body can be observed only if it changes its position with respect to some other body. Therefore, 
for motion to be observed there must be a body, which is changing its position with respect to another body 
and a person who is observing motion. The person observing motion is known as observer. The observer for 
the purpose of investigation must have its own clock to measure time and a point in the space attached with 
the other body as origin and a set of coordinate axes. These two things (the time measured by the clock and 
the coordinate system) are collectively known as reference frame. 


In this way, motion of the moving body is expressed in terms of its position coordinates changing with time. 


MOTION & REST 

If a body changes its position with time, it is said to be moving otherwise it is at rest. Motion/rest is always 
relative to the observer. 

Motion/rest is a combined property of the object under study and the observer. There is no meaning of rest or 
motion without the observer or frame of reference. 

To locate the position of a particle we need a reference frame. A commonly used reference frame is cartesian 
coordinate system or x-y-z coordinate system. 

The coordinates (x, y, z) of the particle specify the position of the particle with respect to origin of that frame. 
If all the three coordinates of the particle remain unchanged as time passes it means the particle is at rest w.r.t. 
this frame. 

If only one coordinate changes with time, motion is one dimensional (1 - D) or straight line motion. 

If only two coordinates change with time, motion is two dimensional (2 - D) or motion in a plane. If all three 
coordinates change with time, motion is three dimensional (3 - D) or motion in space. 

The reference frame is chosen according to problem. 


If frame is not mentioned, then ground is taken as reference frame. 


DISTANCE & DISPLACEMENT 

Distance 

Distance is total length of path covered by the particle, in definite time interval =. ue 

Let a body moves from A to B via C. The length of path ACB is called the a gi a 
ots» 


distance travelled by the body. 


= 
But overall, body is displaced from A to B. A vector from A to B, i.e. AB is its displacement vector or 
displacement that is the minimum distance and directed from initial position to final position. 


Displacement in terms of position vector A(X, Ya Z.) 
Let a body be displaced from A(x,, y,, z,) to B(x,, y,, Z3) 


then its displacement is given by vector AB. 


From AOAB ý +Ar=% or Ar =r, —f, 


B(x»; Ya, Zs) 
X 


r, =xX,i+y,j+z,k and T, =X 


A 


AY = (x, — x,)i +(y2- vi) + (2, —z,)k gr AT = Axi + Ayj + Azk 
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GOLDEN KEY POINTS 


Distance is a scalar while displacement is a vector. 


Distance depends on path while displacement is independent of path but depends only on final and initial 
positions. 


For a moving body, distance cannot have zero or negative values but displacement may be positive, negative or 
zero. 


Infinite distances are possible between two fixed points because infinite paths are possible between two fixed 
points. 
Only single value of displacement is possible between two fixed points. 
If motion is in straight line without change in direction then 
distance = | displacement | = magnitude of displacement. 
Magnitude of displacement may be equal or less than distance but never greater than distance. 


i.e., distance > | displacement | 


Illustrations 


Illustration 1. 


A particle starts from the origin, goes along the X-axis upto the point (20m, 0) and then returns along the same 
line to the point (-20m, 0). Find the distance and displacement of the particle during the trip. 


Solution 


Distance = | OAI + IACI os 
O(0,0) A(20,0) 
= 20 + 40 = 60m 
——S 
Displacement = OA + AC C(-20,0) A(20,0) 


= 201 +(-40i) = (-20i)m 


Illustration 2. 


A car moves from O to D along the path w t E 
OABCD shown in fig. S 
What is distance travelled and its net displacement ? 
Solution 
Distance = oa + AB + BC + cb N 
=8+4+4+1= 17 km 
Displacement = OA+ AB+ BC+ CD W 37° E 
= 8i+(-4j)+(-4i)+j=4i-3)j (4153) 
= | displacement! = ,/(4)? + (32 =5 S 
So, Displacement = 5 km, 37* Sof E 
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ENa, 


Illustration 3. 
A particle goes along a quadrant of a circle of radius 10m from A to B as shown in fig. Find the magnitude of 
displacement and distance along the path AB, and angle between displacement vector and x-axis ? 


Solution 


Displacement AB = OB- OA = (10j—10i)m 


[ABI = 10? +102 =10/2™m 


OA 10 
From AOBC tan6 = OB o 


> 6 = 45° 


Angle between displacement vector OC and x-axis = 90° + 45° = 135° 


1 1 
Distance of path AB = ā (circumference) = ā (2R) m = (57) m 


Illustration 4. 


On an open ground a motorist follows a track that turns to his left by an angle of 60° after every 500 m. 
Starting from a given turn, specify the displacement of the motorist at the third, sixth and eighth turn. Compare 
the magnitude of displacement with the total path length covered by the motorist in each case. 


Solution 
At IH turn 
| Displacement! = |OA+ AB +BCI=IOCI 
= 500 cos 60° + 500 + 500 cos 60° 
1 1 
= 500x 5+ 500 + 500 x 5 = 1000 m 
So | Displacement | = 1000 m from O to C 
Di 500 + 500 + 500 = 1500 | Displacement! 1000 2 
pe anne te eee Distance 1500 3 
At VI turn 
initial and final positions are same so | displacement | = 0 and distance = 500 x 6 = 3000 m 
|Displacementl O _ 0 
Distance 3000 
At VIII turn 


Displacement! -< 21600}cos{ S = 1000 xcos 30° = 1000.8 = 500/3 m 


|Displacementl 5003 _ V3 


Distance = 500 x 8 = 4000 m 
Distance 4000 8 
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BEGINNER'S BOX-1 


A particle moves on a circular path of radius 'r', It completes one revolution in 40 s. Calculate distance and 
displacement in 2 min 20 s. 

Three girls skating on a circular ice ground of radius 200 m start from a point P on the edge of the ground and reach 
a point Q diametrically opposite to P following different paths as shown in figure. What is the magnitude of the dis- 
placement for each ? For which girl is this equal to the actual length of path skate? 


GS 
P 
A wheel of radius 'R' is placed on ground and its contact point is 'P'. If wheel starts rolling without slipping 
and completes half a revolution, find the displacement of point P. 


=m 


A man moves 4 m along east direction, then 3m along north direction, after that he climbs up a pole to 
a height 12m. Find the distance covered by him and his displacement. 


B 


A person moves on a semicircular track of radius 40 m. If he starts at one end of the track and 


reaches the other end, find the distance covered and magnitude of displacement of the person. 


A man has to go 50m due north, 40m due east and 20m due south to reach a cafe from his home. 
(A) What distance he has to walk to reach the cafe ? (B) What is his displacement from his home to the cafe? 


SPEED & VELOCITY 
Speed 


The rate at which distance is covered with respect to time is called speed. It is a scalar quantity 
Dimension : [M°L!T-}] 
Unit : m/s (S.I.), cm/s (C.G.S.) 


Note : For a moving particle speed can never be negative or zero, it is always positive. 

Uniform speed 

When a particle covers equal distances in equal intervals of time, (no matter how small the intervals are) then it 
is said to be moving with uniform speed. 

; Distance 

Uniform speed = "Time 
Non-uniform (variable) speed 

In non-uniform speed particle covers unegual distances in egual intervals of time. 


Average speed : The average speed of a particle for a given ‘interval of time’ is defined as the ratio of total 
distance travelled to the time taken. 
Total distance travelled — As 


Average speed = i.e. Vay =— 
oe Time taken 
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GOLDEN KEY POINTS 


e When a particle moves with different uniform speeds v}, v,, v,...... v, in different time intervals t}, t,, t,,....t, 
respectively, its average speed over the total time of journey is given as 
_ Total distance covered _ Sı +82 +5; Fe +S, _ Vyt + Vet, + Vat, +...... 
"Total time elapsed tr +t, +t, +... +, th tt, +t, +... 
ft. =t, =t, =... =t, then 
V, +V2 +V3 +... V, I I 

Vay = ma (Arithmetic mean of speeds) 

e When a particle describes different distances s,, s,, s,,...... s, with speeds v,,v,,v.......v, respectively 


then the average speed of particle over the total distance will be given as 


_ Total distance covered _ S; +S, +S, +......+5, S, +S) + Sg +... +5, 

"Total time elapsed Cale nike S&S S, a 

1 2 3 n 
If s; =s, =S, =...... =S, then 

n 
tat 1, 1 7 (Harmonic mean of speeds) 

— + ee ee — 
1 2 V3 n 


Instantaneous speed 
It is the speed of a particle at a particular instant of time. 


._As ds 
Instantaneous speed v = lim— = — 


ato At dt 
4.2 Velocity 
The rate of change of position i.e. rate of displacement with time is called velocity. 
It is a vector quantity 
Dimension : [M°L!T-}] 
Unit : m/s (S.I.), cm/s (C.G.S.) 


GOLDEN KEY POINTS 


e Velocity may be positive, negative or zero. 

e Direction of velocity is always in the direction of change in position. 

° Speedometer measures the instantaneous speed of a vehicle. 
Uniform velocity 


A particle is said to have uniform velocity, if magnitude as well as direction of its velocity remain same. This is 
possible only when it moves in a straight line without reversing its direction. 


Non-uniform velocity 

A particle is said to have non-uniform velocity, if both either magnitude or direction of velocity change. 
Average velocity 

It is defined as the ratio of displacement to time taken by the body 


Displacement a Af 


Average velocity = Time taken U, = a 
ime taken 


Its direction is along the displacement. 
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GOLDEN KEY POINTS 


If velocity is continuously changing with time i.e. velocity is the function of time then time average velocity 


If velocity is continuously changing with distance i.e. velocity is the function of space (distance) then space 
average velocity :- 


Average speed > | Average velocity | 


Instantaneous velocity 

It is the velocity of a particle at a particular instant of time. 
Instant kūs2an = 
nstantaneous velocity A = a 


GOLDEN KEY POINTS 


The direction of instantaneous velocity is always tangential to the path followed by the particle. 
Y 


vy 


0 X 


When a particle is moving on any path, the magnitude of instantaneous velocity is equal to the instantaneous 
speed. 


A particle may have constant speed but variable velocity. 


Example : When a particle is performing uniform circular motion then for every instant of its circular motion its 
speed remains constant but velocity changes at every instant. 


When particle moves with uniform velocity then its instantaneous speed ,magnitude of instantaneous velocity, 
average speed and magnitude of average velocity are all equal. 


Illustrations 


Illustration 5. 


If a particle travels the first half distance with speed v, and second half distance with speed v,.Find its average 
speed during the journey. 


Solution A R O z B 
s+s 2s 2V1V2 kuili e a aA 
Ya = TRR? Ley, bey, 
Vi V2 
Note :- Here v_ is the harmonic mean of two speeds. 
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Illustration 6. 
If a particle travels with speed v, during first half time interval and with speed v, during second half time interval. 
Find its average speed during its journey. 
Solution 


4------ Sa. P4 ------- S? ------> 
t t 
s,=v,tands,=v,t BIŠU 
Total distance = s} + s, = (v, + v,)t 


Sı +S V, + Vo )t V, +V 
total time = t + t = 2t then v = 2_ 0 2) = 2 


ii t+t 2t 2 
Note :- here v_ is arithmetic mean of two speeds. 


Illustration 7. 


A car moves with a velocity 2.24 km/h in first minute, with 3.60 km/h in the second minute and with 5.18 km/h 
in the third minute. Calculate the average velocity in these three minutes. 


Solution 
1 
Distance travelled in first minute S, =v, xt, = 2.24x 50 km 
1 
Distance travelled in second minute S2 = V, Xt, = 3.60x 60 km 
1 
Distance travelled in third minute S; = V; xt, =5.18x 60 km 


Total distance travelled, s = s} + s, + s,= 2.24 + 3.60 + 9.18 _ 11.02 km 
60 60 60 60 


Total time taken, t = 1 + 1 + 1 = 3 min = = h 


s_ 11.02 20 
60 1 


average velocity = 


= 3.67 km/h 


Illustration 8. 


A bird flies due north with velocity 20 m/s for 15 s it rests for 5 s and then flies due south with velocity 24m/s 
for 10 s. Find the average speed and magnitude of average velocity. For the whole trip. 
Solution 


N 
Total Distance 20x15+24x10 540 y 

A d= = = =18 

verage speed = Total Time ee 0 

W >E 
,, Displacement (20x15)j+(24x10)-j) 60j _ o; 

A locity = — - J J) _ 99) gs 

verage velocity Total Time ij T 2j S 
Magnitude of average velocity = [2 = 2m/s 

Illustration 9. 
The displacement of a point moving along a straight line is given by 
s= 4t? +5t-6 
Here s is in cm and t is in seconds calculate 
(i) Initial speed of particle 
(ii) Speed at t = ds 
Solution 
d 
(i) Speed, v = ā = 8t +5 Initial speed (i.e at t = 0), v= 5 cm/s 
(ii) Att = 4s, v= 8(4) + 5 = 37 cm/s 
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Illustration 10. 


(a) If s = 2t* + 3t? + 2t + 8 then find time at which acceleration is zero. 


(b) Velocity of a particle (starting at t = 0) varies with time as v = 4t. Calculate the displacement of particle 


between t = 2tot=4s [AIPMT Mains - 2004] 
Solution 
ds dv 1 PI : 

(a) v= a 6t? + 6t + 2>a = ā” 12t +6=0 >t=- 2 which is impossible. Therefore 

acceleration can never be zero. 

dx F 274 

kā = 5 = = _ = Bis Br = _ = 

U vu Gave i tā = [2t L= 2 (42 - 2 (2? = 32-8 = 24m 


BEGINNER'S BOX-2 


1. Air distance between Kota to Jaipur is 260 km and road distance is 320 km. A deluxe bus which moves 
from Jaipur to Kota takes 8 h while an aeroplane reaches in just 15 min. Find 


(i) average speed of bus in km/h 

(ii) average velocity of bus in km/h 

(iii) average speed of aeroplane in km/h 
(iv) average velocity of aeroplane in km/h 


2. A particle moves on a straight line in such way that it covers 1st half distance with speed 3 m/s and next 
half distance in 2 equal time intervals with speeds 4.5 m/s and 7.5 m/s respectively. Find average speed 
of the particle. 


3. Length of a minute hand of a clock is 4.5 cm. Find the average velocity of the tip of minute's hand between 
6 A.M. to 6.30 A.M. & 6 AM. to 6.30 P.M. 


4. A particle of mass 2 kg moves on a circular path with constant speed 10 m/s. Find change in speed and 
magnitude of change in velocity. When particle completes half revolution. 


5. The distance travelled by a particle in time t is given by s = (2.5 t?) m. Find (a) the average speed of the particle 
during time 0 to 5.0s and (b) the instantaneous speed at t = 5.0 s. 


6. A particle goes from point A to point B, moving in a semicircle of radius 1m in 1 second 
Find the magnitude of its average velocity. 
A O B 


7. Straight distance between a hotel and a railway station is 10 km, but circular route is followed by a taxi covering 
23 km in 28 minute. What is average speed and magnitude of average velocity? Are they egual ? 


5. ACCELERATION 


The rate of change of velocity of an object is called acceleration of the object. 

It is a vector quantity. It’s direction is same as that of change in velocity (Not in the direction of the velocity). 
Dimension : [M°L'T~] 

Unit : m/s? (S.I.); cm/s? (C.G.S.) 


Uniform acceleration 


A body is said to have uniform acceleration if magnitude and direction of the acceleration remains constant 
during motion of particle . 
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GOLDEN KEY POINTS 


When a particle moves with constant acceleration, then its path may be straight line or parabolic. 


—> Constant acceleration (a) 


a 
Motion 


Parabolic Path 


Straight line path a=g 


When a particle starts from rest and moves with constant acceleration then its path must be a straight line. 


a=constant 
u=0 nn oer eee Straight line path 


When a particle moves with variable velocity then acceleration must be present. 

When a particle moves continuously on a same straight line with uniform speed then acceleration of the 
particle is zero. 

When a particle moves continuously on a curved path with uniform speed then acceleration of the particle is 
non zero. For example uniform circular motion is an accelerated motion 

For a particle moving with uniform velocity acceleration must be zero. 


Non-uniform acceleration 
A body is said to have non-uniform acceleration, if either magnitude or direction or both change during 
motion. 
Average acceleration 
It is the ratio of total change in velocity to the total time taken by the particle 

7 AU _ 0- 

«At At 

Instantaneous acceleration 
It is the acceleration of a particle at a particular instant of time. 


- „n Av dv 
a= lim — = — 
At>0 At dt 
i.e. first derivative of velocity is called instantaneous acceleration 
= 2- = 
-Ë = [Aso = z| 
dt dt dt 


i.e. second derivative of position vector is called instantaneous acceleration 


GOLDEN KEY POINTS 


When a particle moves with non-uniform speed then acceleration of the particle must be non zero. 


AV 


The direction of average acceleration vector is the direction of the change in velocity vector as ā = Ā 
t 


Acceleration which opposes the motion of body is called retardation. 


n 


n acc 
acc > (ve ——5 (+ve) = retardation 
M motion , (-ve) vel. 
m (+ve) vel. | motion N (ve < £— > (+)ve 
a 
a << 
<< (-ve) acc” = retardation (-ve) acc"= acc” 


Sign of velocity(+ve or -ve) represents the direction of motion but sign of acceleration indicates the direction of 
acceleration 

If velocity and acceleration both are having same sign, then magnitude of velocity (i.e speed) is increasing and 
if both have opposite signs, then magnitude of velocity (i.e. speed) is decreasing. 
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Illustrations 


Illustration 11. 
The velocity of a particle is given by v = (2t? — 4t + 3) m/s where t is time in seconds. Find its acceleration 
at t = 2 second. 


Solution 

dv d 

dt dt 
Therefore acceleration at t = 2s is equal to, a = (4 x 2)-4=4 m/s? 

Illustration 12. 


(2t -4t +3) = 4t-4 


Acceleration (a) = 


The velocity of particle moving in the positive direction of x axis varies as v = a yx , where a is a positive 
constant. Assuming that at moment t=0, the particle was located at the point x=0. Find 

(a) the time dependence of the velocity and the acceleration of the particle. 

(b) the mean velocity of the particle averaged over the time that the particle takes to cover first s meters of 


the path. 
Solution 
-=+1 
dx dx f x a*t? 
(a) V=d.x = dt avx > ae J lā = X 4 
dx 2a't 1 2 
i = = = t 

Velocity v ira 9! 

dv a? 
Accelerati = == — 

ceeleration a = = 5 


(b) Time taken to cover the first s distance 


X = at >5 = at sūna >V = ie e avs 
4 4 a av 2 


Illustration 13. 
A particle is moving along a straight line OX. At a time t (in seconds) the distance x (in metres) of particle 
from point O is given by x = 10 + 6t - 3t?. How long would the particle travel before coming to rest ? 


Solution 
Initial value of x, att = 0, x, = 10m 


dx 
Velocity v = g” 6 - 6t When v=0, t= 1s 


Final value of x, att = 1s, x, = 10 +6x1- 3(12) = 13 m 
Distance travelled = x, — x, = 13 - 10 = 3m 
Illustration 14. 
The acceleration of a particle moving in a straight line varies with its displacement as, a = 2s+1 velocity of the 


particle is zero at zero displacement. Find the corresponding velocity - displacement eguation. 
Solution 
dv ds dv 


dv 
= = . 2s+1> —.v =2s+1 
a = 2s +1 di 2s+1 > ds’ di s+ a v=2s+ 


> fi vdv = 2[ sds + fds 


y? i 2 S 4 s y2 2 
> |3 A 2), +[sl, ag +S > v = V2s(s+1) 
F @ Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 10 
E 9 New Delhi - 110074 


9810934436 , 8076575278 , 8700391727 


BEGINNER'S BOX-3 


1. A particle moves on circular path of radius 5 m with constant speed 5 m/s. Find the magnitude of its average 
acceleration when it completes half revolution. 

2. The position of a particle moving on X-axis is given by x = At” + Bt + C The numerical values of A, B 
and C are 7, -2 and 5 respectively and SI units are used. Find 
(a) The velocity of the particle at t = 5 
(b) The acceleration of the particle at t = 5 
(c) The average velocity during the interval t = 0 tot = 5 


(d) The average acceleration during the interval t = O tot = 5 


6. EQUATIONS OF MOTION 


Equations of motion are valid when acceleration is constant. 


(J v=u+at 
a = acceleration = constant 
° s= ut + ly u = Initial velocity 
2 v = Final velocity 
e v? — u? = 2as s = Displacement 
S, = Displacement in the n” second 


1 
° Sih = U + z al2n - 1) 


(u+v) 
° S Meg 2 
° =vt- a i 
s = zə 


Illustrations 
Illustration 15. 
For a particle moving with constant acceleration, prove that the displacement in the n** second is given by 


so =u+ $(2n-), 
Solution 


1 
From s = ut + =at? 
2 
= 1 2 (1) 
s=un + JANË ooann 


s_, = u(n-1) + Lpi PEA (2) 


n-1 2 
By equation (1) & (2) 


Sn Z Sh = Spa =u+5(2n-1) 
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GOLDEN KEY POINTS 


° Identification of equation of motion Vector Form of Equations of motion 
(i) If t = given and v = ? then use V=ū+āt 
v=u+at sues lať 
(ii) If t = given and s = ? then use 2 
v? =u? +2ā5 
1 2 = kols 
s = ut + pat S th =ū+zāl2n-1) 
(iii) If s = given and v = ? then use š | 
v? = u? + 2as 2 ī 
° All the equations of motion can be used in 2-D motion in vector form. š= vt-gāt" 


Concept of stopping distance and stopping time 
A body moving with a velocity uis stopped by application of brakes after covering a distance s. If the same body 
moves with velocity nu and same braking force is applied on it then it will come to rest after covering a distance 
of n*s. 
As v? = u?- 2as 
u? 
=> O-=u’-2as s= Da > sauž [since ais constant] 


So we can say that if u becomes n times then s becomes n? times that of previous value. 
Stopping time : 
v=u-at 


u . i 
> t=- > tau [since a is constant] 
a 


So we can say that if u becomes n times then t becomes n times that of previous value. 


Illustrations 
Illustration 16. 
Two cars start off a race with velocities 2m/s and 4m/s travel in straight line with uniform accelerations 
2m/s? and 1 m/s? respectively. What is the length of the path if they reach the final point at the same 
time ? [AIPMT (Main) -2008] 


Solution 


1 
Let both particles reach at same position in same time t then from s = ut + 2 at? 


2 
For 1** particle: s = 4+ 5 (1 t2 = At tS , For 2" particle : s = 2+ = (2) = 2t + t? 


2 
Equating above equation we get 4t + a= 2+ >t=4s 
Subsituting value of t in above equation s = 4(4)+ 5 (1) (4)2 = 16 + 8 = 24m 


Illustration 17. 
A particle moves in a straight line with a uniform acceleration a. Initial velocity of the particle is zero. Find the 
average velocity of the particle in first 's' distance. 


Solution 
2 
s 1 Ss as 
s= at” — = as Average velocity = — = ,/— 
2 ĉe 2 > T1 2 
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Illustration 18. 


A train, travelling at 20 km/hr is approaching a platform. A bird is sitting on a pole on the platform. When 
the train is at a distance of 2 km from pole, brakes are applied which produce a uniform deceleration in 
it. At that instant the bird flies towards the train at 60 km/hr and after touching the nearest point on the 
train flies back to the pole and then flies towards the train and continues repeating itself. Calculate how much 
distance the bird covers before the train stops ? 

Solution 


For retardation of train v? = u? + 2as = 0 = (20)? + 2(a)(2) > a = -100 km/hr’? 


1 
Time required to stop the train v = u + at >0 = 20 - 100t > t = 5 hr 


Distance 


For Bird, speed = => Sp = Va Xt = 60 x = 12 km. 


Ole 


time 


BEGINNER'S BOX-4 


1. A particle starts from rest, moves with constant acceleration for 15s. If it covers s, distance in first 5s then 
distance s, in next 10s, then find the relation between s, & s,. 

2. The engine of a train passes an electric pole with a velocity 'u' and the last compartment of the train crosses the 
same pole with a velocity v. Then find the velocity with which the mid-point of the train passes the pole. Assume 
acceleration to be uniform. 

3. A bullet losses 1/n of its velocity in passing through a plank. What is the least number of planks required 
to stop the bullet ? (Assuming constant retardation) 

4. Acar moving along a straight highway with speed 126 km h“ is brought to a halt within a distance of 200m. What 
is the retardation of the car (assumed uniform) and how long does it take for the car to stop? 

5. A car is moving with speed u. Driver of the car sees red traffic light. His reaction time is t, then find out 
the distance travelled by the car after the instant when the driver decided to apply brakes. Assume uniform 
retardation ‘a’ after applying brakes. 


6. Ifa body starts from rest and travels 120cm in the 6'" second then what is the acceleration ? 


7. GRAPHICAL SECTION 


Position - time graph 
Slope of this graph represents instantaneous velocity. 


_ displacement 


tan6 : = velocity 
time 
(i) (i) | 
6 

t —> 1 — 
8=0 6 = constant 
tan6 = tan0° = 0 tan6 = constant 
velocity = 0 velocity = constant 
i.e. body is at rest. i.e. the body is in uniform motion 
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x—> 
x — 


ao |7 (iv) A 
(=> (— 
6 is decreasing with time € is increasing with time 
z. tan is decreasing with time z. tan6 is increasing with time 
‘. velocity is decreasing with time z. velocity is increasing with time 
i.e. non uniform motion i.e. non uniform motion 
(v) t 8 > 90° 
tanð = -ve 
9 velocity = -ve but constant 
reece i.e. uniform motion 


Area of x-t graph = [xat = No physical significance 
Velocity time graph 


Slope of this graph represents acceleration. 


joči 
tan6 = ee = acceleration 
! 1 
(i) (i) v 
6 
t —> t— 
8 = 0° 8 = constant 
tan6 = tan0° = 0 tan6 = constant 
acceleration = 0 acceleration = constant 
i.e. v = constant or uniform motion i.e. uniformly accelerated motion 
v V 
(iii) 0 (iv) 6 
t—> t —> 
8 is decreasing with time € is increasing with time 
«. tan@ is decreasing with time «. tan6 is increasing with time 
' acceleration is decreasing with time <. acceleration is increasing with time 
i.e. acceleration goes on decreasing i.e. acceleration goes on increasing 
with time but it is not retardation with time 
(v) t 8 > 90° 
a tanO = -ve 
acceleration = -ve but constant 
) i.e. constant or uniform retardation 
t— is acting on the body 


Area of v-t graph = fv dt = displacement = change in position 
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Acceleration-time graph 


Area of a-t graph = fa dt = fav =V2 -V1 = change in velocity 


ob 


o> 


(i) (ii) 


t t —> 


i.e. uniformly increasing acceleration. a œ t'i.e. uniform or constant acceleration 


GOLDEN KEY POINTS 


Total area enclosed between speed-time (v-t) graph and time axis represent distance. 


Vector sum of total area enclosed between v-t graph and time axis represent displacement. 
Following graphs do not exist in practice : 


Case-I 

t t—> t t—> ss 
Explanation : In practice, at any instant body can not have two velocities or displacements or accelerations 
simultaneously. 
Case- II 


Speed Distance 


~ 


Explanation : Speed or distance can never be negative. 
Case - III 


ee f SS PE t 
Explanation : It is not possible to change any quantity without consuming time i.e. time can't be constant. 
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Illustrations 
Illustration 19. 
A car starting from rest, accelerates at the rate f through a distance S, then continues at constant speed for 


f 
time t and then comes to rest with retardation 3: If the total distance travelled is 15S then calculate the value 


of S in term of f and t. 
Solution 
Let constant speed be vn 


1 : 
ft andS = 3 fti velocity 


for time t,; v 
m 


f 
Va Z ph>h = 2t 


1 (f f 
s- 1 (Ee - (H (= -2s 


Therefore S + v t + 2S = 15S > vt = 12S ftt = 12S 


1 
2s V2 144S” 2 
= al t=12S >25f = = sl 


for time t, 0 


f 


Illustration 20. 
A car accelerates from rest at a constant rate a for some time, after which it decelerates at a constant rate B, to 
come to rest. If the total time elapsed is t, evaluate (a) the maximum velocity attained (b) the total distance 
travelled. 

Solution 
(a) Let the car accelerate for time t, and decelerate 

for time t, then 
tatt ee (i) 
and corresponding velocity-time graph will be as shown in. fig. 


V max Virat 
From the graph a = slope of line OA = | or t,= „lii) 
: a 
V max V max 
and B =- slope of line AB = ; or t= T ... (iii) 
From Ee. and Y= + ot ory (222) 
rom Eas. (i), (ii) and (iii) - + pi” OT V ap 
apt 
orv = a + 
b) Total distance = ds an san 
(b) Total distance = area under v-t graph = 2 Xİ XV ar 5 x x 48 
i 1 ( aft? 
Distance = 2 a | 


Note: This problem can also be solved by using eguations of motion (v = u + at, etc.). 
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Illustration 21. 
A rocket is fired upwards vertically with a net acceleration of 4 m/s*and initial velocity zero. After 5 seconds 
its fuel is finished and it retardes with g. At the highest point its velocity becomes zero. Then it accelerates 
downwards with acceleration g and returns back to ground. Plot the velocity-time and displacement-time graphs 
for the complete journey. Take g = 10 m/s* 

Solution 
In the graphs, v, = at, = (4) (5) = 20 m/s, 


is - Io” H toag (5+2)s = 7s 


1 
Now, Soag= area under v-t graph between 0 to 7 s = 3 (7) (20) = 70 m 


1 1 
Now,  Soap= Sge = 3 Sac A 70 = 3 (10) the 


tece = V14 =3.7s i toag = 7+3.7 = 10.7s 


1 
Also s,, = area under v-t graph between OA = 2 (5) (20) = 50 m 


s(m) 


Illustration 22. 
Velocity-time graph of a particle moving in a straight line is shown. Plot the corresponding displacement-time 


graph of the particle. 
Solution 


v(m/s 
Displacement = area under velocity-time graph. oie) 


1 
Hence, sa =5X2x10=10m 


2 
Sp, =2x10= 20m 
or Soag = 10+20 = 30 m 
se = 2x(12220) „20m 
or Soage = 30+30 = 60 m | 
1 i 
and Sp = g) = 20m i 
8 


or S = 60 + 20 = 80 m 


OABCD 
Between 0 to 2 s and 4 to 6 s motion is accelerated, hence displacement-time graph is a parabola. Between 2 to 
4 s motion is uniform, so displacement-time graph will be a straight line. Between 6 to 8 s motion is decelerated 
hence displacement-time graph is again a parabola but inverted in shape. At the end of 8 s velocity is zero, 
therefore, slope of displacement-time graph should be zero. The corresponding graph is shown in the figure. 


New Delhi - 110074 
@ 9810934436 , 8076575278 , 8700391727 


Í N Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 17 
3 ə 


Illustration 23. 


Velocity-time graph for a particle moving in a straight line is given 
Calculate the displacement of the particle and distance travelled in first 
4 seconds. 


Solution 


Take the area above time axis as positive and area below time axis 
negative then displacement =(2 — 2)m = 0 


while for distance take all areas as positive the distance covered s = (2 + 2)m = 4m 


BEGINNER'S BOX-5 


1. s-t graph of two particles A and B are shown in fig. Find the ratio of velocity of A to velocity of B. 


6% 


t X 


+40 m}------ A 
2.  Position-time graph of a particle in motion is shown in fig. Calculate — 
. ; O 
(i) Total distance covered t (in sec.) 
(ii) Displacement 
(iii) Average speed (iv) Average velocity. 


3. The position-time (x-t) graphs for two children A and B returning from 
their school O to their homes P and Q respectively are shown in fig. 
Choose correct entries in the brackets below : 


(a) (A/B) lives closer to the school than (B/A) 

(b) (A/B) starts from the school earlier than (B/A) 

(c) (A/B) walks faster than (B/A) 

A and B reach home at the (same / different) time 

(A/B) overtakes (B/A) on the road (once/ twice). 

4. A particle moves on straight line according to the velocity-time 
graph shown in fig. Calculate — 
(i) Total distance covered 


(ii) Average speed 


(iii) In which part of the graph the acceleration is maximum and also 
find its value. 


(iv) Retardation 


5. A body starts from rest and moves with a uniform acceleration of 10 ms~? for 5 seconds. During the 
next 10 seconds it moves with uniform velocity. Find the total distance travelled by the body (Using 
graphical analysis). 
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8. MOTION UNDER GRAVITY (FREE FALL) 


Acceleration produced in a body by the force of gravity, is called acceleration due to gravity. It is represented 
by the symbol g. 

Value of g=9.8 m/s? = 980 cm/s? = 32 ft/s? 

In the absence of air, it is found that all bodies (irrespective of the size, weight or composition) fall with the same 


acceleration near the surface of the earth. This motion of a body falling towards the earth from a small altitude 
(h << earth's radius) is called motion under gravity. Free fall means acceleration of body is equal to acceleration 


due to gravity. 
8.1 If a Body is Projected Vertically Upward 

0 

f Positive / Negative 
H directions are a matter of 


è< 
Il 


of 
choice. You may take another 


e| Q f choice. 


(i) Equations of motion : Taking initial position as origin and direction of motion (i.e. vertically up) as positive 


ee oe 


- == ------- 


—> 
S 


a=-—g [As acceleration is downwards while motion upwards] 
So, if a body is projected with velocity u and after time t it reaches a height h then 


v? =u" -2gh, hig = u-5(2n-1) 


(ii) For maximum height v = 0 
So from above equation u = gt 
it is called time of ascent (t,) = u/g 
In case of motion under gravity, time taken to go up is equal to the time taken to fall down through the 
same distance. Time of descent (t,) = time of ascent (t,) = u/g 


2 
Total time of flight T = t, + t, = = 


u2 


and u = 2gH > H= — 
2g 


8.2 Ifa Body is Projected Vertically Downward With Some Initial Velocity From Some Height 


Equations of motion : Taking initial position as origin and direction of motion (i.e., downward direction) as 
a positive, we have 


v=u+gt h=utežgt 
v? =u’ +2gh h, =u+2(2n-1) 
sk 
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8.3 If a body is dropped from some height (initial velocity zero) 


Equations of motion : Taking initial position as origin and direction of motion (i.e., downward direction) 
as a positive, here we have 


u=0 [As body starts from rest] 
a= +g [As acceleration is in the direction of motion] 


1 
so v=gt,h-gat 


GOLDEN KEY POINTS 


° In case of motion under gravity, the speed with which a body is projected up is equal to the speed with which 
it comes back to the point of projection. 


° The magnitude of velocity at any point on the path is same whether the body is moving in upward or downward 
direction. 
° Graph of displacement, velocity and acceleration with respect to time : 


(For a body projected vertically upward) 


x | (u°/2g) 


+v a 
u 
6 (wg) (2u/g) a | 
—U a — g 
t 
° As h = (1/2)gt?, i.e., h œ t?, distance covered in time t, 2t, 3t, etc., will be in the ratio of 1%: 22 : 32, i.e., square 
of consequtive integers. (in case of free fall, from rest) 
e A particle at rest, is dropped vertically from a height. The time taken by it to fall through successive distance of 


1 m each will then be in the ratio of the difference in the square roots of the integers i.e. 


Wl hal 41), 6/8 - V2), VA alā pig 


° The motion is independent of the mass of body, as mass is not involved in any equation of motion. It is due 
to this reason that a heavy and light body when released from the same height, reach the ground simultane- 


ously and with same velocity ie., t=4/(2h/g) and v=./2gh. 


° The distance covered in the n* second, h, = ž92n —1) 


So distance covered in 1*, 2™, 3 second, etc., will be in the ratio of 1 : 3 : 5, i.e., odd integers only. 


° Graph of distance, velocity and acceleration with respect to time : 


a 
g 
t 
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(For a body dropped from some height) 


tan0 = g 
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8.4. If a Body is Projected Vertically Upward With Some Initial Velocity From a Certain Height 
v=0 


Equations of motion : Taking initial position as origin and direction of motion (i.e., upward direction) as 
negative, here we have 


v=-u + gt; H=-ut+ at 


v? = u? + 2gh; h in = -u+ (2n -1) 


° Maximum height attained by the body 


u? 


2g 
° Distance travelled by the body 


H „=H+h=H+ 


mi 


2 


u 
H+2h =H+ 


Time taken by the body to reach the ground 


1 1 
H t t? tt -ut-H=0 
gS 29 u 


>  gt-2ut-2H=0 
After solving this eguation we get the result. 


GOLDEN KEY POINTS 


° If various particles thrown with same initial speed but in different directions then 


(i) They strike the ground with same speed at different times irrespective of their initial direction of velocities. 
(ii) Time would be least for particle E which was thrown vertically downward. 


(iii) Time would be maximum for particle A which was thrown vertically upward. 


° A ball is dropped from a building of height h and it reaches ground after time t. ò af i 

u= i 
e @ : 

From the same building if two balls are thrown (one upwards and i ļu 

other downwards) with the same speed u and they reach the ground 
t t t 

after t, and t, seconds respectively then 

t= Vtt» 
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GEETA 


8.5 A body is thrown vertically upwards, if Constant Air resistance is to be taken into account: 
For upward motion :- 


Net acceleration aj, = g + a (downwards) 


If maximum height attained by the particle is H' then 


anei = (g +a) 1 i’ 


2H 


au E ANet 


2H 
t iem = 
ascen! g +a 


For downward motion :- 


air ae ri 
Net acceleration ay „= g — a (downwards) | air Ko af 
ONet= 


5 2H 
Otec = g-a 
Also Tisas > Tu 
GOLDEN KEY POINTS 
e For downward motion a and g will work in opposite directions because a always acts in direction opposite to 


motion and g always acts vertically downwards. 


Illustrations 
Illustration 24. 


A body is dropped from a height h above the ground. Find the ratio of distances fallen in first one second, 


first two seconds, first three seconds, also find the ratio of distances fallen in 1* second, in 2"! second, in 3" 


second etc. 
Solution 
1 

From second equation of motion, i.e. h = 2 = at? (h = ut + 2 gt? and u = 0) 

1 2 1 2 1 2 2 2 2 
Hy, le o = ga F: sale’: gas = P:2 JF oaoa = 1:4:9:..... 

1 
Now from the expression of distance travelled in n second S = u + za (2n -1) 
1 
hereu = 0, a=g So S,= 28 g (2n - 1) therefore 
1 1 1 

Ors S Īsi 39!2x1 D: z9(2x2-1):z3gl2x3-1)=1:3:5 ma. 
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Illustration 25. 


A rocket is fired vertically up from the ground with a resultant vertical acceleration of 10m/s?. The fuel is 
finished in 1 minute and it continues to move up. 


(a) What is the maximum height reached? 
(b) After the fuel is finished, calculate the time for which it continues its upwards motion. 


(Take g = 10 m/s?) 


Solution 
(a) The distance travelled by the rocket during burning interval (1minute= 60s) in which resultant acceleration 
is vertically upwards and 10 m/s’ will be h, = 0 x 60 + (1/2) x 10 x60?= 18000 m = 18 km and 
velocity acquired by it will be v= 0 + 10 x 60 = 600 m/s 
Now after 1 minute the rocket moves vertically up with initial velocity of 600 m/s and acceleration due 
to gravity opposes its motion. So, it will go to a height h, from this point, till its velocity becomes zero 
such that 0 = (600)*-2gh, or h, = 18000 m = 18km [g = 10 m/s? 
So the maximum height reached by the rocket from the ground, H = h,+h,= 18 + 18 = 36km 
(b) As after burning of fuel the initial velocity 600m/s and gravity opposes the motion of rocket, so from 1* 
equation of motion time taken by it till its velocity v =0 
0=600-gt > t=60s 
Illustration 26. 


A ball is thrown upwards from the top of a tower 40 m high with a any 

velocity of 10 m/s, find the time when it strikes the ground e | Y 

(g = 10 m/s} i 
Solution A i a=-10m/s' 

In the problem u = + 10 m/s, a =- 10 m/s? ands = -40m i : 

(at the point where ball strikes the ground) h i 


1 
Substituting in s = ut + 2 at? 


— 40 = 10t — 5t? or 5t? - 10t- 40 = 0 or tt-2t-8=0 
Solving this we have t = 4 s and — 2s. Taking the positive value t = 4s. 
Illustration 27. 
A block slides down a smooth inclined plane when released from the top, while another falls freely from the 
same point. Which one of them will strike the ground: (a)earlier (b) with greater speed? 
Solution 
In case of sliding motion on the inclined plane. 


—=sin0 > s=— g: a=gsine 


S sin 
v= [£- 2 h_1 Bh t 
; a gsin6 sind sinoOY|g sind 


v, = v2as = ,/2gsin0x h J2gh 


sin € 


[2h 
In case of free fall t, = a and v,= /2gh =v, 


(a) "sin <1, t,<t,, i.e. falling body reaches the ground first. 

(b) v= v i.e.,both reach the ground with same speed. 
Special Note : (not same velocity, as for falling body direction is vertical while for sliding body along the 
plane downwards). 
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Illustration 28. 


A Juggler throws balls into air. He throws one ball whenever the previous one is at its highest point. How high do 
the balls rise if he throws n balls each second ? Acceleration due to gravity is g. 
Solution 


Juggler throws n balls in one second so time interval between two consecutive throws is t = Li S 


each ball takes 2 s to reach maximum height 
n 


1 1 1y he F : 
So hy = XS = 5 xa ) 


n 


Illustration 29. 


A pebble is thrown vertically upwards from a bridge with an initial velocity of 4.9 m/s. It strikes the water after 


2 s. If acceleration due to gravity is 9.8m/s? (a) what is the height of the bridge? (b) with what velocity does the 
pebble strike the water ? 


Solution 
Let height of the bridge be h then 
h=-4.9x2+ =x 9.8 x(2) / i [re laku 
2 v =-4.9 m/s 

=> h=98m f | 
velocity with which the ball strikes the water surface h i 
v=u+at | | 

>  v=-49+9.8 x 2= 14.7 m/s 


Illustration 30. 


A particle is thrown vertically upwards from the surface of the earth. Let Tp be the time taken by the particle 
to travel from a point P above the earth to its highest point and back to the point P. Similarly, let Ty be the 
time taken by the particle to travel from another point Q above the earth to its highest point and back to 
the same point Q. If the distance between the points P and Q is H, find the expression for acceleration due 


to gravity in terms of Tp, To and H. [AIPMT (Mains) - 2007] 
Solution 


2(h +H) 
Time taken from point P to point P Tp= a|——— 


g 
2h 
Time taken from point Q to point O Tg = 2 A 


= oo er- = 72-73 +8H 
8H 
>s- M 
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BEGINNER'S BOX-6 


A particle is projected vertically upwards from ground with velocity 10 m/s. Find the time taken by it to 
reach at the highest point ? 


A particle is projected vertically up from the top of a tower with velocity 10 m/s. It reaches the ground 
in 5s. Find- 


(a) Height of tower. 

(b) Striking velocity of particle at ground 

(c) Distance traversed by particle. 

(d) Average speed & average velocity of particle. 


A balloon starts rising from the ground with an acceleration of 1.25 m/s*. A stone is released from the 


balloon after 10s. Determine 
(1) maximum height of stone from ground 
(2) time taken by stone to reach the ground 


A rocket is fired vertically up from the ground with an acceleration 10 m/s’. If its fuel is finished after 1 


minute then calculate — 

(a) Maximum velocity attained by rocket in ascending motion. 
(b) Height attained by rocket before fuel is finished. 

(c) Time taken by the rocket in the whole motion. 


(d) Maximum height attained by rocket. 


9 
A particle is dropped from the top of a tower. During its motion it covers 25 part of height of tower in 


the last 1 second Then find the height of tower. 

A particle is dropped from the top of a tower. It covers 40 m in last 2s. Find the height of the tower. 
A player throws a ball upwards with an initial speed of 29.4 m/s. 

(a) What is the direction of acceleration during the upward motion of the ball? 

(b) What are the velocity and acceleration of the ball at the highest point of its motion? 


(c) Choose x = 0 mandt = O s to be the location and time of the ball at its highest point, vertically downward di- 
rection to be the positive direction of x-axis and give the signs of position, velocity and acceleration of the ball 


during its upward and downward motion. 
(d) To what height does the ball rise and how long does the ball take to return to the player's hands ? 
(Take g = 9.8 m/s? and neglect air resistance). 


A particle is dropped from the top of a tower. The distance covered by it in the last one second is equal 


to that covered by it in the first three seconds. Find the height of the tower. 
Water drops are falling in regular intervals of time from top of a tower of height 9 m. If 4" drop begins 
to fall when 1* drop reaches the ground, find the positions of 2™ & 3 drops from the top of the tower. 
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PROJECTILE MOTION 


When a body is projected such that velocity of projection is not parallel to the force, then it moves along a 
curved path. This motion is called two dimensional motion. If force on the body is constant then curved path of 
the body is parabolic. This motion is studied under projectile motion. 


(i) It is an example of two dimensional motion. 

(ii) — Itis an example of motion with constant (or uniform) acceleration. Thus equations of motion can be used 
to analyse projectile motion. 

(iii) A particle thrown in the space which moves under the effect of gravity only is called a "projectile". The 
motion of this particle is referred to as projectile motion. 

(iv) If a particle possesses a uniform acceleration in a directions oblique to its initial velocity, the resultant 
path will be parabolic. Let X-axis is along the ground and Y-axis is along the vertical then path of 
projectile projected at an angle 0 from the ground is as shown. 


+ 
Y op) 

| 

D 
o = V 
| aE y i v= 9 y=ucos 0 
[l 
o K: 


GROUND TO GROUND PROJECTION 


Projectile motion can be considered as two mutually perpendicular motions, which are independent of each 
other. i.e. Projectile motion = Horizontal motion + Vertical motion 


Horizontal Motion 
e Initial velocity in horizontal direction = u cos = u, 
e Acceleration along horizontal direction = a, = 0. (Neglect air resistance) 
e Therefore, Horizontal velocity remains unchanged. 
e At any instant horizontal velocity u, = u cos 
e Attimet, x co-ordinate or displacement along X-direction is 
x=u,t or x = (u cosf)t 


Vertical Motion : It is motion under the effect of gravity so that as particle moves upwards the magnitude of 
its vertical velocity decreases. 


e Initial velocity in vertical direction = u sin6 = u, 
e Acceleration along vertical direction = a,=-9 
e At time t, vertical speed v, =u, —gt =u sind - gt 


e ln time t, displacement in vertical direction or "height" of the particle above the ground 
t . t?= usinēt = img 
=ut——at*= usinét — < 
y v9 g 2 g 
go * M | 
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Net Motion : Net initial velocity = ù = ui + uj = ucos6i+ usinðj 
Direction of u can be explained in terms of angle € it makes with the ground 


A 


Eá A A 
Net acceleration = 3 = a,i+ a, j 778) (direction of g is downwards) 


1 
Coordinates of particle at time t : (x, y) x = u,t and y= ut- A gt? 


Net displacement in t time = /x* + y? 
Velocity of particle at time t 


v = vi+v j = ui+ (u, -gt)j = ucos6i + (usind — gt) 
Magnitude of velocity lv] = „vi + ve 


If angle made by velocity ọ with the ground is a, then 


V u, -gt 
tana = — = — 3 
Vy Ux 
usin 8 — at t 
=> tana = 8 = tan0 g 
ucos 9 ucos 8 


Change in velocity and momentum (P = mv ) of projectile 
When particle returns to ground again at B point, its y coordinate is zero and the magnitude 
of its velocity is u at angle € with ground. Total angular change = 20 


> A A 
Initial velocity u; = ucos 6i+ usin 0j 


> A A 
Final velocity ur = ucos @i— usin0j 


Total change in its velocity, A| = 2usin6 


Total change in momentum, Ap| =m lav] = 2musin 0 


Time of flight (T) 


At time T particle will be at ground again, i.e. displacement along Y-axis becomes zero. 


1 2 1 2 
Sit =— at . 0=uyT-ŻgT 
y = Uy 29 X y 28 


T = — neglecting T = 0 

or g g (neg g ) 
T u, usind 

Time of ascent = Time of descent = p = a = : 


T 
at time Z particle attains maximum height of its trajectory. 
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Maximum height attained H 
At maximum height vertical component of velocity becomes zero. At this instant y coordinate is, its maximum 
height. 


2 2 
vi =u, -2gy = 0 =u, —2gH E v,=0, y=H} 
2 2 2 
_ Uy _ usin 0 
2g 2g 


Horizontal range or Range (R) 
It is the displacement of particle along X-direction during its complete flight. 


2u 2u,u 
x=ut R=u,T =u,— ; R= z 
g g 
2(ucos C)(u sin 0) u? sin 20 
R = . = Rē R (* 2sin6 cos6 = sin20) 


Maximum horizontal range (R nax) 
If value of 0 is increased from 0 = 0° to 90°, then range increases from 6 = 0° to 45° but it decreases beyond 
45°. Thus range is maximum at 6 = 45° 


_u’sin2(45°) _ u? sin90° 
g g 


For maximum range, 8 =45° and R max 


2 

u 
= Rea = — 
g 


Comparison of two projectiles of equal range 

When two projectiles are thrown with equal speeds at 

angles 0 and (90° —0) then their ranges are equal but maximum 
heights attained are different and time of flights are also different. 


u? sin 20 
At angle 0, R =———— 


7 u? sin2(90° — 6) _ u? sin(180° — 26) _ u? sin 20 
g g g 


At angle (90% — 0), R' 


Thus, R = R 


Maximum heights of projectiles 


2.2 D 4.9 2 2 
ur sinf 0 , usin'(90%-0) u'cos*0 
H =—~—_ and H'= = 
2g 2g 2g 
ee) 
. oe > = tan” 0 
H' cos’ 
HH' = uf sin’ @cos*@ R” 
° Ag? 16 > R = 4VHH' 
Dies a 2 2 2 
. H+H- Y sin © u cos“ 6 sl. 
2g 2g 2g 
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9.1 


Time of flight of projectiles 


_ 2usin® _ 2usin(90-0) 2ucos6 


T ; T' 
g g g 

e L aii p = tan@ 

T' cosé 

, 4u’sin@cos@ 2R 
. TT'= 5 = TT'« R 
g g 

Eguation of Trajectory 
Along horizontal direction x = u,t or x = ucosft 


1 1 
Along vertical direction y=uųt- 2 gt? or y= usinét -7 at? 


On eliminating t from these two equations 


2 
= (usin 0) - l g :: 
7 ucos8/ 2 lucos6 


2 


y = x tan a = 
> = --~3g——- 
2” u cos” 6 


This is an equation of a parabola so it can be stated that projectile follows a parabolic path. 
gx x 
Again y=xtano|1 a *eneļ 1-5. 


~ Qu? sin6cos0 


Kinetic Energy of a Projectile 
ee 1 2 
Kinetic energy = 3% Mass x (Speed) 


Let a body is projected with velocity u at an angle 0. 
sms S i o2 

Thus initial kinetic energy of projectile, K, = g 

Since velocity of projectile at maximum height is ucos6. 


1 
Kinetic energy at highest point , K = mu cos6)* = K, cos? 6 


which is the minimum kinetic energy during whole motion. 
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ANSTO, 


29 


GOLDEN KEY POINTS 


° At maximum height, v, = 0 and v, = u, = ucos0 so that at maximum height v = , [v2 + vé = ucosĝð 


e At maximum height angle between velocity and acceleration is 90°. 
° Magnitude of velocity at height 'h' . 


ve = u? —2gh 


v = (usin0)? — 2gh 


v, =u cos 6 


lol = Jtv? = Ju? cos? 6 + (usin 6)? —2gh 
lvl = Ju? —2gh 


T and H depend only upon initial vertical speed u, 
If two projectiles thrown in different directions, have equal times of flight then their initial vertical speeds 
are same so that their maximum height are is also same. 


If H, =H, then (uy) = (uy) and T,=T, 
° For situation shown in figure for 0 = 45° 


2 2 + 2 2 
u u“ sinf 45° u 
here Rmx =— and H= = 

g 2g 4g 


Rmax = 4H = 4x (maximum height attained) 


m 


e When R=H 
270 2.2 
R-! (2 sin 0 cos 0) me Het sin’ 0 m R denii 
g 2g H 
=> 4cot0=1 => tand=4 => 6=tan! (4) = 76° 
Illustrations 


Illustration 31. 
A projectile is thrown with speed u making angle 0 with horizontal at t =0. It just crosses two points of equal height, 
at time t = 1s and t = 3s respectively. Calculate the maximum height attained by it? (g=10m/s?) 

Solution 


1 1 
Displacement in y direction y = u, x 1 - zs X (1) =u x3 2 g(3)? > u, = 2g = 20 m/s 


y 


2 
u 
Maximum height attained hi = 29 = 20m. 
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Illustration 32. 
A stone is to be thrown so as to cover a horizontal distance of 3m. If the velocity of the projectile is 
7 m/s, find : 
(a) the angle at which is must be thrown. 
(b) the largest horizontal displacement that is possible with the projection speed of 7 m/s. 
Solution 
2 


(a) Range R = - sin20 JR 
cs 


=> sin28 = T 7 = 0.6 = sin37° > 20 = 37° 6 = 18.5° 
i (7 3m 
angle of projection may also be = 90° — 0 = 90% - 18.5° = 71.5” 


u (749, 
max g 98 98 


(b) For largest horizontal displacement 0 = 45° maximum range R 10 =5m. 


Illustration 33. 


T 
Two projectiles are projected at angles (0) and G = o) to the horizontal respectively with same speed 


20 m/s. One of them rises 10 m higher than the other. Find the angles of projection. (Take g=10 m/s?) 
Solution 
u sin? 6 (20)? sin” 0 (20)? sin*(n/2— 6) 


: : _ _ _ ša _ 
Maximum height H = 2g >h = 2g = 20 sin*6 8 h, = J 


= 20 cos’0 


1 
h, — h, = 20 [cos’@ — sin*8] = 10 > 20 cos 20 = 10 > cos20 = 2 > 20 = 60° > 0 = 30° 


and 0' = 90e_-g = 60° 
Illustration 34. 


A boy stands 78.4 m away from a building and throws 
a ball which just enters a window at maximum height 


39.2m above the ground. Calculate the velocity of 


projection of the ball. 
Solution 
u? sin” 0 u? sin 20 2u? sin @cos0 


2g = 39.2 m... (i) Range = F = a = 2x784 ... (ii) 


from equation (i) divided by equation (ii) tan0 = 1 > 0 = 45° 


2 oj o 
u nI L 2x78.4 => u = /2x784x98 = 39.2 m/s 


Maximum height = 


from equation (ii) range = 


Illustration 35. 
A particle thrown over a triangle from one end of a horizontal base falls on the other end of the base after 
grazing the vertex. If a and ß are the base angles of triangle and angle of projection is 0, then prove that 
tan 6 = tana + tanf. 

Solution 
From triangle y = x tan a and y = (R- x) tan B 


R 
tana +tanp= + a, 
x R-x x(R-x) 
X R 
y=xtand|1-—| 4 tand= 7 
R x(R — x) 
tan 8 = tana + tanB 
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Illustration 36. 
A particle is projected from the ground at an angle such that it just clears the top of a pole after t, time in 
its path. It takes further t, time to reach the ground. What is the height of the pole ? 

Solution 
Height of the pole is equal to the vertical displacement of the particle at time t, 


1 
Vertical displacement y = ut, + zat = ut- 39t mx (i) 
2u, g 
and total flight time t, + t, = a u, = gti +t2) 


1 2 1 1 
(ti +t2)t,— 5 alt) = g9tītz, so height of the pole = g8tf2 


put value u, in eguation (i) y= 
Illustration 37. 
A ball is thrown from the ground to clear a wall 3 m high at a distance of 6 m and falls 18 m away from the wall, 


the angle of projection of ball is :- 


3) E E lā) 
=ļi, (|| = -1) — -1 | — =Lilļ = 
(A) tan ( 2 (B) tan 3 (C) tan 2 (D) tan 4 
Solution Ans. (B) 
M ; x 1 2 
From equation of trajectory, y = xtan0 hi -*|5 3 = 6 tand [1-1] => tan6 = 3 


BEGINNER'S BOX-7 


1. A football player kicks a ball at an angle of 30° to the horizontal with an initial speed of 20 m/s. Assuming 
that the ball travels in a vertical plane, calculate (a) the time at which the ball reaches the highest point (b) 
the maximum height reached (c) the horizontal range of the ball (d) the time for which the ball is in the air. 
(g = 10 m/s?) 

2. Accricketer can throw a ball to a maximum horizontal distance of 100 m. How high above the ground can the 
cricketer throw the ball, with the same speed ? 


3 Two bodies are thrown with the same initial speed at angles a and (90° — a) with the horizontal. What will be 
the ratio of (a) maximum heights attained by them and (b) horizontal ranges ? 

4. A ball is thrown at angle 6 and another ball is thrown at angle (90° — 0) with the horizontal direction from the 
same point each with speeds of 40 m/s. The second ball reaches 50m higher than the first ball. Find their 
individual heights. g = 10 m/s”. 

5. The range of a particle when launched at an angle of 15° with the horizontal is 1.5 km. What is the range of the 
projectile when launched at an angle 45° to the horizontal. 


6. Show that the projection angle 0, for a projectile launched from the origin is given by : 


4H 
6, = tam =| Where H, = Maximum height, R = Horizontal range 


7. A ball of mass m is thrown vertically up. Another ball of mass 2m is thrown at an angle 6 with the vertical. Both 
of them stay in air for the same periods of time. What is the ratio of the height attained by the two balls ? 


8. The ceiling of a long hall is 25 m high. What is the maximum horizontal distance that a ball thrown with a 
speed of 40 m/s can go without hitting the ceiling of the hall ? (g = 10 m/s?) 
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10. HORIZONTAL PROJECTION FROM HEIGHT 


Consider a projectile thrown from point O at some height h from the 
ground with a velocity u in horizontal direction. 

Now we shall deal the characteristics of projectile motion separately 
along horizontal and vertical directions i.e. 


Horizontal direction : Vertical direction 

(i) Initial velocity u, = u Initial velocity u, = 0 i 

(ii) | Acceleration a, = 0 Acceleration a, =- g (downward) M n 
Trajectory Equation 


The path traced by projectile is called its trajectory. After time t, 


1 
x=ut and y= z gt? negative sign indicates that the direction of vertical displacement is downward. 


1 x? 
SŪ S: 


x 
ā (: t=—) This is eguation of a parabola 
2 u u 


so y= 
Above equation is called trajectory equation 


Velocity at a general point P(x, y) 


CARS 
v= V, tV 


Horizontal velocity of the projectile after time t is v, =U (remains constant) 
Velocity of projectile in vertical direction after time t is 
v= 0 -(g)t = — gt (downward)... v= Ju +g t 
0 = Vy gt M foe aa 
and tand= va tan 6 = - (negative sign indicates clockwise direction) 
Displacement 


The displacement of the particle is expressed by 


s =xi+yj Where |5| = x? +y = 
Time of flight 
From eguation of motion for vertical direction. 


s l 2 
(ut)i Gst )j 


1 2 
h=u,t ra 


1 2h 
At highest pointu, =0 > h= sat T= J— 
g 


Horizontal range 
Distance covered by the projectile along the horizontal direction between the point of projection to the point 


2h 
on the ground. Beni sl ā 


Velocity after falling a height h, : 
Along vertical direction v? = 0? + 2(h,)(g) 


v, =/2gh, 


Along horizontal direction v, = u, =u 


So velocity, v = Vv +V, = i +2gh, 
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11. OBLIQUE PROJECTION FROM A CERTAIN HEIGHT 
(i) | Projection from a height at an angle 0 above horizontal : 
u, =u cos 0 u, = -u sin 0 


x =(ucos 0) t a =g 
1 
H = (-u sin 0) t + 3 gt 
gt? — (2u sin 0) t - 2H = 0 
After solving the above equation we get the result 


Velocity after falling height h : 
Along vertical direction; vi = (-usin0) + 2(h)(g) 


Along horizontal direction, v, = u, = ucos0 


v= v2 +v? = Ju? +2gh 


(ii) Projection from a height at an angle 6 below horizontal : 
u, = u cos 0 u = usin 6 
x = (ucos 6)t a, =9 4 


1 
H = (usin O)t+ 2 gt? 


gt? + (2u sin 6) t- 2H = 0 
After solving the above equation we 
get the result. i 
X pe = a ee ee es a 
Mb UJUNI > 
Velocity after falling height h : R 
Along vertical direction, vi = (usin6)* + 2(h)(g) 
Along horizontal direction, v, =U, = ucos0; So velocity, v = Jv +vy = J u? + 2gh 
Illustrations 


Illustration 38. 
An aeroplane is travelling horizontally at a height of 2000 m from the ground. 
The aeroplane, when at a point P, drops a bomb to hit a stationary target Q on 
2000m 
the ground. In order that the bomb hits the target, what angle 6 must the line PQ 


make with the vertical ? [g = 10 m/s? [AIPMT (Mains) 2007] 


Solution 
Let t be the time taken by bomb to hit the target. 


h = 2000 = Sat = t = 20s 


R = ut = (100) (20) = 2000m 


R 2000 o 
hrzo 1 > 9=* 


w tan 0 = 
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Illustration 39. 


A relief aeroplane is flying at a constant height of 1960 m with 600 km/hr speed above the ground towards a 
point directly over a person struggling in flood water. At what angle of sight with the vertical should the pilot 
release a survival kit if it is to reach the person in water? (g = 9.8m/s?) 


Solution 


5 D 
18 = 3 m/s horizontally (at a height 1960m) 


time taken by the kit to reach the ground t = a de EN = 20s 
V g 


in this time the kit will move horizontally by x = ut= x20 = m 


Plane is flying at a speed = 600 x 


x_ 10000 10 17.4 


or = 60° 
h 3x1960 5.88 i 


So tand= 


Illustration 40. 


A ball rolls off the top of a stair way with a horizontal velocity u. If each step has height h and width b the ball 
will just hit the edge of n*® step. Find the value of n. 


Solution 


If the ball hits the n" step, the horizontal and vertical distances traversed are nb and nh respectively. Let t be the 
time taken by the ball for these horizontal and vertical displacements. Velocity along horizontal direction = u 


(remains constant) and initial vertical velocity = zero. 


1 
nb = ut and nn=0+ 3 ot 


Eliminating t from the equation 


u 


1 nb)’ nez 
nh = 78 = - gb? 


Illustration 41. 


A particle is projected horizontally with a speed 20 m/s from the top of a tower. After what time will the 
velocity of particle be at 45° angle from the initial direction of projection ? [Let g = 10 m/s3 


Solution 


Let x and y axes be adopted along horizontal and vertically downward directions respectively. 


V 
After time t, v, = u, = 20 m/s, velocity in y direction y=utat=0+gt = gt 7 
v y 
tana= = f a= 45° than 1 = 12%! 2 
Vy 20 ii a= than 1 = 20 > t = 2s 
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12. 


BEGINNER'S BOX-8 


A projectile is fired horizontally with a velocity of 98 ms! from the top of a hill 490m high. Find 
(i) the time taken to reach the ground (ii) the distance of the target from the hill and (iii) the angle at which the 
projectile hits the ground. (g = 9.8 m/s") 


Two tall buildings face each other and are at a distance of 180m from each other. With what velocity must a ball 
be thrown horizontally from a window 55m above the ground in one building, so that it enters a window 10m 


above the ground in the second building ? (g = 10 m/s”) 


Two paper screens A and B are separated by a distance of 100m. A bullet pierces A and then B. The hole in 
B is 10 cm below the hole in A. If the bullet is travelling horizontally at the time of hitting the screen A, 
calculate the velocity of the bullet when it hits the screen A. (g = 9.8 m/ s?) 


A ball is thrown up from the top of a tower with an initial velocity of 10 m/s at an angle of 30° with the 
horizontal. It hits the ground at a distance of 17.3 m from the base of tower. Calculate the height of the tower. 
(g = 10 m/s?) 


RELATIVE VELOCITY IN ONE DIMENSION 


Va VB 
O o—_e—_____—>"_e_— 
5 A B 
Xa 
— 
| 


dRea dRe dā, 
dt dt dt 


= NJu=evVrW% Relative = Actual — Reference 


For same direction 


When two particles are moving in the same direction, then magnitude of their relative velocity is equal to 
the difference between their individual speeds. 


V; V; 

—> ———— 

—— OR — |12| or |Y21|=v, ~ ve 
V, V, 


For opposite directions 


When two particles are moving in the opposite directions, then magnitude of their relative velocity is always 
egual sum of thier individual speeds. 


PELES ea 
—— OR — [V12] or Wal =V1+V2 
V2 V2 


Note :- When two particles move simultaneously then the concept of relative motion becomes applicable 
conveneintly. 
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NUMERICAL APPLICATIONS 


(i) | When two particles are moving along a straight line with constant speeds then their relative acceleration 
must be zero and in this condition relative velocity is the ratio of relative displacement to time. 


V, = const. Vo = const. 


—— —— 
V: V2 
— — 


when a = 0 


= SRelative 
rel. — 


time 


(ii) | When two particles move in such a way that their relative acceleration non zero but constant then 
we apply equations of motion in the relative form. 


A B 


v,=constant v,# constant 


aag = Aq ~ ag 
= 0 —a = -a £ 0 = constant 
Equations of Motion (Relative) 


J Vie. = Uel. + aet 


rel. 


1 2 
rel. 7 Ue t + 5 ūdra 


2 
2 _.2 
= Viel. = Urel, + Za Srel. 
1 
bd Sel, = Z Ure + Viet 


Illustrations 
Illustration 42. 


Buses A and B are moving in the same direction with speeds 20 m/s and 15 m/s respectively. Find the relative 
velocity of A w.r.t. B and relative velocity of B w.r.t A. 


Solution 


Let their direction of motion be along + x-axis then ē, =(20mA)i and ¥, =(15mA)i 


(a) Relative velocity of A w.r.t. B is Vag = V, —V, = (actual velocity of A) — (velocity of B) 
= (20 m/s)i - (15 m/s) i = 5m/si 
i.e. A is moving with speed 5 m/s w.r.t B in the same direction. 
(b) Relative velocity of B w.r.t. A is Vsa = 0, — V, = (actual velocity of B) — (velocity of A) 
= (15 m/s)i - (20 m/s) i = -5m/s)Î = (5 m/s) (-i) 


i.e. B is moving in opposite direction w.r.t. A, at a speed 5 m/s 
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Illustration 43. 


A police van moving on a highway with a speed of 30 km/hr fires a bullet at a thief's car which is speeding 
away in the same direction with a speed of 190 km/hr. If the muzzle speed of the bullet is 150 m/s, find the 
speed of the bullet with respect to the thief's car. 
Solution v, > velocity of bullet 
v=? velocity of police van 
v, > velocity of thief's car 
Vip =Y, 


1 
VU Y, = 150 x = km/hr + 30 km/hr =570 km/hr 


V,= Vv = 970 km/hr - 190 km/hr = 380 km/hr. 
Illustration 44. 


Delhi is at a distance of 200 km from Ambala. Car A sets out from Ambala at a speed of 30 km/hr. and car B 


set out at the same time from Delhi at a speed of 20 km/hr. When will they cross each other ? What is the 
distance of that crossing point from Ambala? 


Solution 
Vas = Va -Vg 
= 50 km/hr 


x 
5 ; — 
They will meet after time t bA + da 


— 200 km Sa 
s 200 Ambala Delhi 


given by t = % BD” 4hr 


Distance from Ambla where they will meet is x = 30 x 4 = 120 km 


Illustration 45. 


Three boys A, B and C are situated at the vertices of an equilateral triangle of side d at t = 0. Each of the boys 


move with constant speed v. A always moves towards B , B towards C and C towards A. When and where will 
they meet each other ? 


Solution 
By symmetry they will meet at the centroid of the triangle. Approaching velocity of A and A 


B towards each other is v + v cos 60° and they cover distance d when they meet. 
So that time taken, is given by 


S 
S 
S 
O 


— v+vcos60* | S 3v LA 


Illustration 46. 


Two cars approach each other on a straight road with velocities 10 m/s and 12 m/s respectively. When they 
are 150 metres apart, both drivers apply their brakes and each car decelerates at 2 m/s? until they stops. How 
far apart will they be when both come to a halt ? 

Solution 


Let x, and x, be the distances travelled by the cars before they stop under deceleration. 

From III? equation of motion v? = u? + 2as, > 0 = (10} - 2 x2 x >x = 25m 
and 0 = (12)? -2x2x,> x, = 36m 

Total distance covered by the two cars = x, + x, = 25 + 36 =61m 

Distance between the two cars when they stop = 150 — 61 = 899m. 
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Illustration 47. 


Two trains A and B which are 100 m and 60 m long are moving in opposite directions on parallel tracks. 
Velocity of the shorter train is 3 times that of the longer one. If the trains take 4 seconds to cross each other find 
the velocities of the trains ? 


Solution 


13. 


Given that v, = 3v, 


Trains move in opposite directions then 


da 100 +60 
relative velocity v | = RR SWV +0, = = > 4v, =40 >v, = 10 m/s, v, = 3v, = 30 m/s 


BEGINNER'S BOX-9 


Two trains A and B each of length 50 m, are moving with constant speeds. If one train A overtakes the 


other in 40s, while crosses the other in 20s. Find the speeds of each train. 


Two trains A and B of length 400 m each are moving on two parallel tracks with a uniform speed of 
72 km/h in the same direction, with A ahead of B. The driver of B decides to overtake A and accelerates 
by 1 m/s’. If after 50 s, the guard of B just brushes past the driver of A, what was the original distance between 
the guard of B & driver of A ? 


A boy standing on a stationary lift (open from above) throws a ball upwards with the maximum initial speed 
he can, equal to 49 m/s. How much time does the ball take to return to his hands? If the lift starts moving 
up with a uniform speed of 5 m/s and the boy again throws the ball up with the maximum speed he can, how 


long does the ball take to return to his hands ? 


RELATIVE VELOCITY IN A PLANE 


° For 2-dimensional motion : 


Relative velocity of A with respect to 'B' can be calculated as 


Va VB 
Vag = Va 7 VB 
Vag|= Va t Vp -2 0 m 
[Wap] = VA + Va —2V4: Vg COS 
a 
fp 


Note : 

e For two particles to collide : 
(i) their combined relative displacement becomes zero. 
(ii) their combined vertical velocities will be same : if they are projected from same level (in case of projectiles) 
(iii) their combined motion can be converted into two 1D motions. 

° Relative path of a projectiles w.r.t. another projectile 


Two projectiles are thrown from ground with different velocities at different angles. Since both projectiles 
have equal accelerations so their relative acceleration is zero. Thus path of one projectile w.r.t. other is a 


straight line and motion of one projectile w.r.t. other is uniform. 


. If u, cos6, = u, cos6, then relative path is a vertical line. 
e If u, sin®, = u, sin6, then relative path is a horizontal line. 
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14. RAIN - MAN PROBLEM 


(i) 


(ii) 


When man is As observed by 
at rest the man when moving 


If rain is falling vertically with a velocity Y, and an observer is moving horizontally with speed ¥,, the 


velocity of rain relative to observer will be 


= a 


Va, = Vk Vu = Vem = Vaj- Voi 


which by law of vector addition has magnitude 
Vem = VVA +V? 


The direction of ¥,,, is such that it makes an angle 6 with the vertical given by 6 = tan! (V,,/Vp) as shown 
in figure. 
If rain is already falling at an angle 6 with the vertical with a velocity Y, and an observer is moving 


horizontally with speed V,, finds that the rain drops are hitting on his head vertically downwards 


> 


M 4 
i 


Here Vey = Vp - Vy 
Vem = (Va SINO — v,,)i— vz cos Oj 


Now for rain to appear falling vertically, the horizontal component of ¥,,, should be zero, i.e. 


A : v 
Vp sin - v, = 0 > sind=—* 
R M y 

R 


VM 
= : = a 2 
and [Uru] = Vr CosO = v,vl-sin’@ =Vr 2 = Vem = (VR VM 
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Illustrations 
Illustration 48. 
A person moves due east at a speed 6m/s and feels the wind is blowing towards south at a speed 6m/s. 
(a) Find actual velocity of wind blow. 
(b) If person doubles his velocity then find the relative velocity of wind blow w.r.t. man. 
Solution 


(a) Vact = Vrel + Vref 
E = 646i 
ū,=6i—6j 


lūl=6V2 m/s and it is blowing along S— E 


(b) Person doubles its velocity then v, = 12i 
but actual wind velocity remains unchanged. 
Van =v, —¥,, =(6i-6j)-12i 
V = Si-6j 
Now relative velocity of wind is 6V2m/s along S - W. 


Illustration 49. 
A man at rest observes the rain falling vertically. When he walks at 4 km/h, he has to hold his umbrella at an 
angle of 53° from the vertical. Find the velocity of raindrops. 

Solution 


Assigning usual symbols V,,, V, and V,m to velocity of man, velocity of rain and velocity of rain relative to 


man, we can express their relationship by the following equation 


Vim AB 

5 O 

5 m zg 

=> os = r —— 53 12 
V, "ku" i 


The above eguation suggests that a standstill man observes velocity V, of rain 


<! 


relative to the ground and while he is moving with velocity V, , he observes 


velocity of rain relative to himself V,,,, . It is a common intuitive fact that umbrella must be held against V,,,, 


r/m 
for optimum protection from rain. According to these facts, directions of the velocity vectors are shown in the 
adjoining figure. 

Therefore v.=v,, tan37°=3 km/h 


Illustration 50. 
A man is going east in a car with a velocity of 20 km/hr, a train appears to move towards north to him with a 


velocity of 20 V3 km/hr. Whatis the actual velocity and direction of motion of train ? 


Solution. 7 N Vic = Vr 7 Ve 
z E eae Vr = Vic + Ve = 2043 j + 20i 
: 2 2 
lv, | = (20/3) +(20) = /1600 = 40 km/hr 
6 
V=20 km/hr E tan6 = LE = 6 = 60° 


20 
So direction of motion of train is 60° N of E or E-60°-N 
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Illustration 51. 


Two particles A and B are projected from the ground simultaneously in va=20 m/s y,=10 m/s 


the directions shown in the figure with initial velocities v, = 20 m/s and vg 
=10 m/s respectively. They collide after 0.5 s. Find out the angle 6 and the A 


distance x. 
Solution. 


Both particle will collide if they are at same height in same time. 


1 1 
YVa=Ya > wat- jā = (ust - ag = t= ii) 


1 
=> (v,sin®)=v,g > 20 sin = 10 > sind = 5 0 = 30° 


In 0.5s horizontal distance covered by A is x = (uat = (20 cos3090.5 = 10 x af = 5/3m 


Illustration 52. 


Two particles are projected from the two towers simultaneously, as shown in the figure. 


20m 
What should be the value of ‘d’ for their collision ? 
Solution. 
Their is no relative acceleration of between A and B. 
so time of collision t = —224— where Vpa_ = Vertical displacement of B w.r.t. A = 10 m. 
v 
YIBA 


10 
(VBA = vertical velocity of B w.r.t. A = 0 — (-10 /2 sin45) = 10 m/s >t = io 7 1s 


d = horizontal distance travelled by B w.r.t. A = (vga X t= (10+10 /2 cos45 x 1 = 20 m. 


Illustration 53. 


Two boys are standing at the ends A and B of a ground where AB = a. The boy at B starts running in a 
direction perpendicular to AB, with velocity v,. The boy at A starts running similtaneously with velocity v and 
catches the other boy in a time t, then find t. 


Solution 
C 
Let the two boys meet at point C after time ‘t’ Po 
Then AC = vt, BC = v,t but (AC)? = (AB) + (BC)? > v*t? = a? + vt ee | 
2 ve ie 
a a RI IAA AAEN PPNTA f B 
silvY=yjļ=g šits ex a — = 
=V1 
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15. 


(i) 


(ii) 


BEGINNER'S BOX-10 


A man 'A' moves in the north direction with a speed 10 m/s and another man B moves in E-30°-N with 10 m/s. Find 


the relative velocity of B w.r.t. A. 


A and B are moving with the same speed 10 m/s in the directions E-30—N and E-30°-S respectively. Find the 


relative velocity of A w.r.t. B. 


Two bodies A and B are 10 km apart such that B is to the south of A. A and B start moving with the same speed 


20 km/hr eastward and northward respectively then find. N 
(a) relative velocity of A w.r.t. B. 
W E 
(b) minimum separation attained during motion 
(c) time elapsed from starting, to attain minimum separation. S 


Rain is falling vertically with a speed of 30 m/s. A woman rides a bicycle with a speed of 10 m/s in the north 


to south direction. What is the direction in which she should hold her umbrella? 


A man is running up hill with a velocity (2) + 3) m/s w.r.t. ground. He feels that the rain drops are falling vertically 


with velocity 4 m/s. If he runs down hill with same speed, find v m 
A body is projected with velocity u, from point A as shown in figure. 
At the same time another body is projected vertically upwards 


Uy 
with a velocity u, from point B. What should be the value of m Hi Uz 
2 


for both bodies to collide. A di B 


RIVER-BOAT (OR MAN) PROBLEM 
A man can swim with velocity 7, i.e. it is the velocity of man w.r.t. still water. 


If water is also flowing with velocity Vp then velocity of man relative to ground Vm =V+Vp 


If the swimming is in the direction of flow of water or along the downstream then 


—v 
Vin ZVV — i 


If the swimming is in the direction opposite to the flow of water or along the upstream then 


_ —_——v 
Vin ZV VR —ī. 


If the man is crossing the river i.e. y and Vp are non collinear then use vector algebra. 
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To Cross a River 


PI 


Minimum distance of approach Cross the river in shortest possible time 
OR 
Cross the river along shortest 
possible path 
OR 
Cross the river and reach a point just 
opposite to the starting path. 
For shortest path : B 
If aman wants to cross the river such that his "displacement should be minimum", 7 


it means he intends to reach just opposite point across the river. He should 
start swimming at an angle 0 with the perpendicular to the flow of river towards 
upstream. 


such that its resultant velocity V, =(V+Vp) It is in the direction of velns. A 


displacement AB. (for minimum displacement) 
V 
To reach at B vsin6=w > sin@= = 
T- dd 
component of velocity of man along AB is vcos 6 so time taken vcos8 vē vē 
R 


For minimum time 


To cross the river in minimum time, the velocity along 


AB (v cos 0) should be maximum. 
It is possible if 6 = 0, i.e. swimming should start perpendicular to water current. 


Due to effect of river velocity man will reach at point C along resultant velocity, 
i.e. his displacement will not be minimum but time taken to cross the river will 
be minimum, 


A 
(for minimum time) 


_d 
min v 
In time t „ swimmer travels distance BC along the river with speed of river v, .. BC = t,, Vp 
distance travelled along river flow = drift of man = t n VR = un 
Illustrations 


Illustration 54. 
A boat moves along the flow of river between two fixed points A and B. It takes t, time when going downstream 
and takes t, time when going upstream between these two points. What time it will take in still water to cover 
the distance equal to AB. 


Solution 
AB AB AB AB 
t= z= or V, + WR = — and Vrkē 
V, +VR V, — Vk ti t2 
AB tı +t 
= 2v, = AB AD” ytto 
ti t2 tit2 
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Illustration 55. 


A boat can be rowed at 5 m/s in still water. It is used to cross a 200 m wide river from south bank to the north 
bank. The river current has uniform velocity of 3 m/s due east. 


(a) In which direction must it be steered to cross the river perpendicular to current? 

(b) How long will it take to cross the river in a direction perpendicular to the river flow? 

(c) In which direction must the boat be steered to cross the river in minimum time? How far will it drift? 
Solution 


(a) To cross the river perpendicular to current i.e. along shortest path 


pete G87 
v 5 


N 
(b) Time taken by boat, t = 7 ao a =50s d=200m Jie m/s | —>u=3 m/s W E 
V COS 5 x ; o! 
: S 
(c) To cross the river in minimum time, 0 = 0% 
d 200 
Therefore tain =— = B5 = 40s 
Drift = u(t) = 3(40)m = 120 m 


BEGINNER'S BOX-1 1 


1. A man can swim at a speed 2 m/sin still water. He starts swimming in a river at an angle 150° to the direction 
of water flow and reaches the directly opposite point on the opposite bank. 


(a) Find the speed of flowing water. 


(b) If width of river is 1 km then calculate the time taken to cross the river. 


2. 2 km wide river flowing at the rate of 5 km/hr. A man can swim in still water with 10 km/hr. He wants 
to cross the river along the shortest path. Find — 


(a) in which direction should the person swim. 
(b) crossing time. 


3. A child runs to and fro with a speed 9 km/h (with respect to the belt) on a long horizontally moving belt 
(fig.) between his father and mother located 50 m apart on the moving belt. The belt moves with a speed 
of 4 km/h. For an observer on stationary platform outside, what is the 


(a) speed of the child while running in the direction of motion of the belt? 
(b) speed of the child while running opposite to the direction of motion of the belt? 
(c) time taken by the child in (a) and (b)? 


Which of the answers will alter if motion is viewed by one of the parents? 


Moving belt — 4km/h 
Stationary 
observer 
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$ 


ha 


Tar, 2r 2. 400 m for each, B. 
RJS? +4 4. 19m, 13m 

(40r)m, 80m from A to B 

(A) 110m (B) 50m, 37°N of E 


„m om 


eS im 


ae we eee 


BEGINNER'S BOX-1 


BEGINNER'S BOX-2 | | 

(i) 40 km/hr (ii) 32.5 km/hr (iii) 1040 km/hr 
(iv) 1040 km/hr 

4 m/s 3.5 x10%cm/s, 2 x10*cm/s 
0 m/s, 20 m/s 5. (a) 12.5 m/s (b) 25 m/s 

2 m/s 7. 49.3 km/h, 21.4 km/h 


BEGINNER'S BOX-3 


2. (a) 68, (b) 14, (c) 33, (d) 14 


BEGINNER'S BOX-4 


2 2 2 


U +V n 
s, = 8s, 2. 5 "31 
2 
3.06 ms? ; 11.4s 5. ut +— 
2a 


0.218 m/s? 


BEGINNER'S BOX-5 

2. (i) 120m (ii) 0 (iii) 20m/s (iv) O 
(a) A, B, (b) A,B, (c) B, A, (d) Same, (e) B, A, once 
(i) 37 m (ii) 3.7 m/s (iii) Part BC, a= 8 m/s? (iv) 2 m/s? 
625 m 


1:3 


BEGINNER'S BOX-6 


PA 


S 
a) 75m, (b) 40m/s, (c) 85m, (d) 17m/s, 15m/s 
i) 70.3m (ii) 5 s 


(a) 600 m/s, (b) 18 km, (c) (2 + V2) min, (d) 36 km 


125 m 6. 45m 

(a) Vertically downwards; (b) zero velocity, accel 
eration of 9.8 m/s? downwards. 

(c) x > 0 (upward and downward motion) v < 0 
(upward), v > 0 (downward), a > 0 throughout; 

(d) 44.1 m, 6s. 
125m 


( 
( 


9. 4m & 1m from top 


NH 


N = 


Au BF 


1 
[| 


|” 


BEGINNER'S BOX-7 | | 


(a) 1s, (b) 5m, (c) 34.64 m, (d) 2s 


50 m. 3. (a)tan? a (b)1 
15m%65m 5.3km 
8. 148.32m 


BEGINNER'S BOX-8 | | 
(i) 10s, (ii) 980m, (iii) B = 45° 
60 m/s 3. 700 m/s 4. 10 meter. 
BEGINNER'S BOX-9 | | 
3.75 m/s & 1.25 m/s 

1250 m. 

10 sec, 10 sec 


|__| BEGINNER'S BOX-10 | 


5/3i-5j,E-30*-S 
In north direction 10m/s 


20V2 km/hr S-E, 5V2 km, 15 min. 


1 
a = tan! 4 = 18.4° from vertical towards south 


V20 m/s 


BEGINNER'S BOX-11| | 


(a) (3 m/s 
(b) 1000s. 
(a) Direction from Down Stream = 120° 


2 
(b) 5/5 hr. 


(a) 13 km/h 
(b) 5 km/h 


(c) 20s 


if the motion is viewed by one of the parents answers 
to (a) and (b) are altered while answer to (c) remain 
unchanged. 
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EXERCISE-I (Conceptual Questions) 


TNS, 
ie a 


DISTANCE & DISPLACEMENT, SPEED & | 6. The location of a particle is changed. What can we 
VELOCITY, AVERAGE SPEED & AVERAGE say about the displacement and distance covered 
VELOCITY by the particle : 
1. Aman walks 30 mtowards north, then 20 m towards (1) Both cannot be zero 
east and in the last 30 J2 m towards south - west. (2) One of the two may be zero 
The displacement from origin is : iS) Borit De zein 
i (4) If one is positive, the other is negative and 
(1) 10 m towards west viceversa 
(2) 10 m towards east 
7. | Anathlete completes one round of a circular track 
(3) 6042m towards north west of radius R in 20 seconds. What will be his 
displacement at the end of 2 minutes 20 seconds ? 
(4) 6042 m towards east north (1) Zero (2) 2R 
2. A body moves along the curved path of a quarter (3) 2nR (4) 7nR 
circle. Calculate the ratio of distance to displacement: S āmieiiadsduetuaūīnwdeēwvļuwds 
(1) 11:7 (2) 7: 11 PAA I 
east. Then he walks for same time 't' with velocity 
(3) 11: 42 x 7 (4) 7: 11 f 2. (v) due north. The average velocity of the man is : 
3. Three particles P, O and R are situated at point hes te) 2.9 
A on the circular path of radius 10 m. All three Vv 
particles move along different paths and reach point (3) v (4) Z 
B as shown in figure. Then the ratio of distance 
traversed by particles P and Q is : 9. A drunkard is walking along a straight road. He 
takes 5 steps forward and 3 steps backward, followed 
5 by 5 steps forward and 3 steps backward and so 
A on. Each stepis one meter long and takes one second. 
There is a pit on the road 11 meters away from 
R the starting point. The drunkard will fall into the 
B pit after : 
(1) 29 s (2) 21 s 
aa) S (2) š (3) 37s (4) 31s 
10. A car runs at constant speed on a circular track 
21 T of radius 10 m taking 6.28s on each lap(i.e. round). 
(3) 4 (4) 3 The average speed and average velocity for each 
complete lap is : 
4. If displacement of a particle is zero, the distance (1) Velocity 10 m/s, speed 10 m/s 
covered : (2) Velocity zero, speed 10 m/s 
(1) must be zero (3) Velocity zero, speed zero 
(2) may or may not be zero (4) Velocity 10 m/s speed zero 
(3) cannot be zero 11. A particle moving in a straight line covers half the 
(4) depends upon the particle distance with speed of 12 m/s. The other half of 
5. If the distance covered is zero, the displacement : me ca seria sii 
with speed of 4.5 m/s and 7.5 m/s respectively. 
(1) must be zero j ; : 
The average speed of the particle during this 
(2) may or may not be zero as 
motion is : 
(3) cannot be zero (1) 8.0 m/s (2) 12.0 m/s 
(4) depends upon the particle (3) 10.0 m/s (4) 9.8 m/s 
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12. 


13. 


14. 


15. 


16. 


17. 


The magnitude of average velocity is equal to the 
average speed when a particle moves : 

(1) on a curved path 

(2) in the same direction 

(3) with constant acceleration 

(4) with constant retardation 


A body covers one-third of the distance with a velocity 
v, the second one-third of the distance with a velocity 
v,, and the last one-third of the distance with a velocity 
vz. The average velocity is : 


V, +V, +V3 
iy —— 
(2) 3V1,V2V3 


V1V2 + V2V3 + V3V1 


V,V2 + V2V3 + V3V, 


(3) 


V1V2V3 


(4) 2 


A car travels a distance d on a straight road in two 
hours and then returns to the starting point in next 
three hours. Its average speed is : 


d 2d 
(1) 5 a. 


d d 
(3) 2 + 3 (4) none of these 
A train covers the first half of the distance between 
two stations with a speed of 40 km/h and the 
other half with 60 km/h. Then its average speed 
is: 
(1) 50 km/h 
(3) 52 km/h 


(2) 48 km/h 

(4) 100 km/h 

A car moving on a straight road covers one third of 
a certain distance with 20 km/h and the rest with 
60km/h. The average speed is : 

(1) 40 km/h 

(2) 80 km/h 


(3) 465 km/h 
(4) 36 km/h 


A particle moves in the east direction with15 m/sec 


for 2 sec then northwards with 5 m/s for 8 sec. 


18. 


19. 


20. 


21. 


22. 


The numerical ratio of displacement to the distance 


covered is always :— 

(1) less than one 

(2) equal to one 

(3) equal to or less than one 
) 


(4) equal to or greater than one 


A particle moves in a straight line for 20 seconds 
with velocity 3m/s and then moves with velocity 
4 m/s for another 20 seconds and finally moves 
with velocity 5 m/s for next 20 seconds. What is 
the average velocity of the particle ? 


(1)3m/s (2)4m/s (3)5m/s (4) zero 


An object travels 10 km at a speed of 100 m/s and 
another 10 km at 50 m/s. The average speed over 
the whole distance is :— 
(1) 75 m/s 

(3) 66.7 m/s 


(2) 55 m/s 
(4) 33.3 m/s 


A point object traverses half the distance with 
velocity v,. The remaining part of the distance is 
covered with velocity v, for the half time and with 
velocity v, for the rest half. The average velocity of 
the object for the whole journey is 

(1) 2v, (va + v,) / (Vo + 2v, + 2v,) 

(2 
(3 
(4 


) 2v (vy + v,) / (Vy + v,+ Vo) 

) 2v, (v, + v,) / (v, + v,+ 2v)) 

) 2v, (vy + v,) /(v, + 2v, + Vo) 

Select the incorrect statements from the 

following. 

S1 :Average velocity is path length divided by time 
interval. 

S2. In general, average speed is greater than the 
magnitude of the average velocity 

S3. A particle moving in a given direction with a 
non-zero velocity can have zero speed. 

S4. The magnitude of average velocity is the average 
speed. 

(1) S2 and S3 

(2) S1 and S4 

3) S1, S3 and S4 

) 


4) All four statements 


( 
( 


ACCELERATION, AVERAGE ACCELERATION 
& APPLICATION OF CALCULUS 


23. If x denotes displacement in time t and x = a cost, 
Average speed of the particle is :— then acceleration is: 
(1) 1 m/s (2) 5 m/s (1) a cost (2) — a cost 
(3) 7 m/s (4) 10 m/s (3) a sin t (4) -a sin t 
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24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


The velocity-time relation of an electron starting ; ; = 
Romrstisdua but where k= m/e? The 32. The relation t = Vx +3 describes the position of a 
distance traversed in 3 sec is : particle where x is in meters and t is in seconds. 
(1) 9m (2) 16 m (3) 27 m (4) 36 m The position, when velocity is zero, is :— 
1)2 2) 4 4 
The position x of a particle varies with time (t) as l M C | (2) H “ ‘ m ( ae 
x = at”—bt®. The acceleration at time t of the particle 33. The displacement of a particle is represented by the 
will be equal to zero, where t is equal to : following equation : s = 3t? + 7t? + St + 8 
> where s is in metres and t in seconds. The acceleration 
a a a F m 
(1) 3b (2) 5 (3) 3b (4) zero of the particle at t = 1s is :- 
(1) 14 m/s? (2) 18 m/s? 
A particle moves along a straight line such that its (3) 32 m/s? (4) zero 
displacement at any time t is given by | 34. Iffora particle position x œ t? then :- 
s = t°- 6t? + 3t + 4 metres. The velocity when the 1) velocity i fant 
acceleration is zero is : VK IK 
f 2 leration i tant 
(1)3m/s (2)-12 m/s (3)42m/s (4)-9 m/s A — - : 
acceleration is variable 
The displacement of a particle starting from rest (4) None of these 
(at t=O) is given by s = 6t? - t3 , : , , 
The time when the particle will attain zero velocity 35. A body is moving according to the equation 
again, is : x = at + bt? - ct*. Then its instantaneous 
(1) 4s (2) 8s (3)12s (4) lés io cea ye a 
a + + 3ct a + 2bt — 3ct 
The velocity of a body depends on time according (3) 2b — 6ct (4) None of these 
to the equation v = 20 + 0.1t”. The body has: 
; : 36. The motion of a particle is described by the 
(1) uniform acceleration i 
equation x = a + bt? where a = 15 cm and 
(2) uniform retardation b = 3 cm/sec. Its instantaneous velocity at time 
(3) non-uniform acceleration 3 sec will be :- 
(4) zero acceleration . ie - Sec - - ii 
cm/sec cm/sec 
The gs] agement ol a patticle is given DY) 97. Starting from rest ,the acceleration of a particle is 
y= | - + ct" — dt M - initial velocity and a = 2(t -1). The velocity of the particle at t= 5 s 
acceleration are respectively : ios 
(1) b, - 4d (2) -b, 2c (1) 15 m/s (2) 25 m/s 
(3) b, 2c (4) 2c, - dd (3) 5 m/s (4) None of these 
The initial velocity of a particle is u (at t = 0) and 38. Which of the following equations represents the 
eae = i motion of a body moving with constant finite 
the acceleration is given by f = at. Which of the - ; f 
P E acceleration? in these equations, y denotes the 
following relations is valid ? . are . 
displacement in time t and p, g and r are arbitary 
2 
vsus (2) v=u = constants : 
(1) y = (p + qt) (r + pt) 
(3) v= u +at (4) v= u (2) y = p + tar 
A particle located at x = 0 at time t = 0, starts (3) y = (p + t) (q + t) (r + 1) 
moving along the positive x-direction with a velocity (4) y = (p + gt)r 
'v which variesas v = a./x , then velocityof particle | 39. Which of the following relations representing 
varies with time as : (a is a constant) displacement x of a particle describes motion with 
(1) va t (2) v œ t constant acceleration ? 
(l)x=6-7t? (2) x = 3t? + 5t? +7 
(3) v œ vt (4) v = constant (3) x = 912+ 8 (4) x = 4t? + 3t! 
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40. Equation of a particle moving along the x axis is 47. Initially a body is at rest. If its acceleration is 5ms* 
x = ult - 2) + alt — 2)2 then the distance travelled in the 18" second is :- 
o a : us (1) 86.6m (2) 87.5m 
(1) the initial velocity of the particle is u (3) 88 m (4) 89 m 
(2) the acceleration of the particle is a 
48. If a body starts from rest and travels 120m in the 
(3) the acceleration of the particle is 2a 8" second, then acceleration is : 
(4) at t = 2 particle is not at origin (1) 16 m/s? (2) 10 m/s? 
CONSTANT ACCELERATION MOTION, FREEFALL (3) 0.227 m/s? (4) 0.03 m/s? 

41. The velocity of a particle moving with constant | 49. If a train travelling at 72 km/h is to be brought to 
acceleration at an instant t, is 10m/s. After 5seconds rest in a distance of 200 m, then its retardation 
of that instant the velocity of the particle is 20m/s. shouldbe- 

The velocity at 3 second before t, is: (1) 20 m/s? (2) 2 m/s? 
kami aa (3) 10 m/s? (4) 1 m/s? 
(3) 6 m/s (4) 7 m/s 
42. The velocity acquired by a body moving with uniform a, A car moving wii al Or AU kri/i can De 
age M ; stopped by applying brakes after at least 2m. If the 
acceleration is 30 m/sin 2 seconds and 60 m/s in ; : M 
ee ie same car is moving with a speed of 80 km/h., what 
4 seconds. The initial velocity is : : _ : M 
is the minimum stopping distance ? 
(ju viens (112m (24m ()6m  (4)8m 
(3) 4 m/s (4) 10 m/s 
N = 51. A car moving with a velocity of 10 m/s can be 

43. Ifa body starts from rest, the time in which it covers a stopped by the application of a constant force F in a 
particular displacement with uniform acceleration is: distance of 20m. If the velocity of the car is 30 m/s. 
(1) inversely proportional to the sguare root of the It can be stopped by this force in : 

displacement m 
(2) inversely proportional to the displacement (1) 3m (2) 20 m 
(3) vo ee to the displacement (3) 60 m (4) 180 m 
(4) directly proportional to the square root of the 
displacement 52. Ifa car at rest accelerates uniformly and attains a 
speed of 72 km/h in 10s, then it covers a distance 

44. A body at rest is imparted motion to move in a of 
straight line. It is then obstructed by an opposite (1)50m (2) 100 m 
force, then: i 
(1) the body may necessarily change direction oe i 
(2) the body is sure to slow down 53. A stone is dropped into a well in which the level 
(3) the body will necessarily continue to move in the Cae below the top of me well. Evis velocity 

ae of sound, the time T after which the splash is heard 
same direction at the same speed ae 
is given by. 
(4) none of the above. 
: 2h 2h h 
45. Ifa car at rest accelerates uniformly to a speed of (1) T= — (2) T= | +— 
144 km/h in 20 seconds, it covers a distance of: y av 
(1) 20 m (2) 400 m T 2h h T- h 2h 
(3) 1440 m (4) 2980 m oe a W Ae. a 

46. A body starts from rest and with a uniform | 54. A stone thrown upwards with a speed 'u' from the 
acceleration of 10 ms”? for 5 seconds. During the top of the tower reaches the ground with a velocity 
next 10 seconds it moves with uniform velocity. The '3u'. The height of the tower is : 
total distance travelled by the body is :- 

(1) 100 m (2) 125m 3u’ 4u? 6u’ 9u? 
1) — (2) — B —— (4) —— 
(3) 500 m (4) 625m g 
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55. 


56. 


57. 


58. 


59. 


60. 


A stone falls from a balloon that is descending at a 
uniformrate of 12 ms. Thedisplacement of thestone 
from the point of release after 10 seconds is : 


(g = 9.8 m/s”) 
(1) 490 m 
(3) 610 m 


(2) 510 m 
(4) 725 m 
A rocket is fired vertically from the ground. It moves 
upwards with a constant acceleration of 10 m/s’. 
After 30 seconds the fuel is finished. After what 


time from the instant of firing the rocket will it attain 
the maximum height ? g = 10 m/s? : 


(1) 30s (2) 45 s 
(3) 60s (4) 75s 


A body is released from the top of a tower of height 
H metres. Ittakes t time to reach the ground. Where 


t 
is the body 2 time after the release : 


H 
(1) At p metres from ground 
H 
(2) At ā metres from ground 
H 
(3) At = metres from the ground 
H 
(4) At 5 metres from the ground 


A body dropped from the top of a tower covers a 
distance 7x in the last second of its journey, where 
x is the distance covered in first second. How much 
time does it take to reach the ground ? 

(1) 3s (2) 4s 

(3) 5s (4) 6s 

A body falling from height 'h' takes t, time to reach 


the ground. The time taken to cover the first half 

of the height is : 
t t 

(1) t, = — = 2 


Ja 
(3)t, = J3t, 


Two balls are dropped from different heights at 


(4) None of these 


different instants. Secondballis dropped 2 seconds 
after the first ball. If both balls reach the ground 
simultaneously after 5 seconds of dropping the first 
ball, then the difference between the initial heights 
of the two balls will be: (g=9.8m/s”) 

(1) 58.8 m (2) 78.4 m 

(3) 98.0 m (4) 117.6 m 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


Drops of water fall from the roof of a building 18m 
high at regular intervals of time. When the first drop 
reaches the ground, at the same instant fourth drop 
begins to fall. What are the distances of the second 
and third drops from the roof ? 

(1) 6 m and 2 m (2) 6 m and 3 m 

(3) 8 m and 2m (4) 4 m and 2m 


If an iron ball and a wooden ball of same radii are 
released from a height h in vacuum then time taken 
by both of them to reach ground will be : 

(1) unegual (2) exactly egual 


(3) roughly equal (4) zero 


Water drops fall at regular intervals from a tap 5 m 
above the ground. The third drop is leaving the tap 
at the instant the first drop touches the ground. How 
far above the ground is the second drop at that 
instant ? 

(1) 1.25 m 
(3) 3.75 m 


(2) 2.50 m 
(4) 4.00 m 


If a ball is thrown vertically upwards with 40 m/s. 
its velocity after two seconds will be : 

(1) 10 m/s (2) 20 m/s 

(3) 30 m/s (4) 40 m/s 


A stone is dropped from a certain height which can 
reach the ground in 5 seconds. It is stopped after 3 
seconds of its fall and is again released. The totaltime 
taken by the stone to reach the ground will be : 
(1)6s (2) 6.5s 

(3) 7 s (4) 7.5s 

With what speed should a body be thrown upwards 


so that the distances traversed in 5th second and 
6th second are equal ? 


(1) 58.4 m/s (2) 49 m/s 
(3) /98 m/s (4) 98 m/s 


Which of the following four statements is false? 

(1) A body can have zero velocity and still be 
accelerated 

(2) A body can have a constant velocity and still 
have a varying speed 

(3) A body can have a constant speed and still have 
a varying velocity 

(4) The direction of the velocity of a body can change 
when its acceleration is constant. 


A body dropped from a tower reaches the ground 
in 4s. The height of the tower is about : 

(1) 80 m (2) 20 m 

(3) 160 m (4) 40 m 
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69. 


70. 


71. 


72. 


73. 


74. 


A particle is dropped from a certain height. The | 75. When a ball is thrown vertically up with velocity v,, 
time taken by it to fall through successive distances it reaches a maximum height 'h'. If one wishes to triple 
of 1 km each will be : the maximum height then the ball should be thrown 
with velocity — 
2 
(1) all equal, being equal to (Z second. (1) /3v, (2) 3v, 
(2) in the ratio of the square roots of the integers (3) 9v, (4) 3/2v, 
1: V2 : 43 76. An object is dropped vertically down on earth. The 
(3) in the ratio of the difference in the square roots change in its speed after falling through a distance 
of the integers, i.e., d from its highest point is 
V1,,(V2 -41), 6V3 - V2), (V4 — V3) -++ (1) mgd (2) J2gd 
(4) in the ratio of the reciprocals of the square roots 
1 1 1 (3) 2 4) 2 mg 
integers. ie, LLL.. Veā 4) 
of the integers, ie., Vi’ V2’ 3 d 
Atdtisionopadutaodas did 77. The ratio of thg distances traversed, in successive 
twill kih i intervals of time by a body falling from rest, are 
C EM T (1)1.+35>5:779 ananin 
ays en (2)2 24:6 :8:10 5 vveeeeee 
(3) 5s Graus (7 10 TET 
A particle is thrown vertically upward. Its velocity at (4) None of these 
halt of the VE height is ae The | 78. A body starts from rest. What is the ratio of the 
maximum height attained by it is (g=10 ms") :- distance travelled by the body during the 4th and 
(1) 8m (2) 20m 3rd second ? 
(3) 10m (4) 16m 7 5 
Three different objects of masses m,, m, and m, (1) 5 (2) 7 
are allowed to fall from rest and from the same 7 3 
point 'O' along three different frictionless paths. The (3) 3 (4) 7 
speeds of the three objects on reaching the ground, 
will be in the ratio of = 79. A particle is thrown up vertically with a speed v,, 
in air. It takes time t, in upward journey and 
(1) m; : m, : m, (2) m, : 2m, : 3m, t, (> t,) in the downward journey and returns to 
(3) 1:1:1 (4) I . 1 1 the starting point with a speed v,.Then: 
= m m, m3 (1) v; = v (2) vi < Vp 
If a ball is thrown vertically upwards with speed u, (3) v, > Vp (4) Data is insufficient 
the distance covered during the last ‘t’ seconds of 
ie ascent EM 80. A ball is thrown vertically upwards. Assuming the air 
resistance to be constant and considerable :— 
1 . : 
(1) ut (2) 3 gt? (1) the time of ascent > the time of desent 
1 (2) the time of ascent < the time of descent 
(3) ut- = gt? (4) lu + gt)t (3) the time of ascent > the time of descent 
2 (4) the time of ascent = the time of descent 
A stone falls freely such that the distance covered 81. A body is projected vertically up at t = 0 with a 
by it in the last second of its motion is equal to the velocity of 98 m/s. Another bodyis projected from 
distance covered by it in the first 5 seconds. It the same point with same velocity after 4 seconds. 
remained in air for :- Both bodies will meet at t = 
(1) 12s (2) 135 (1) 6s ss 
(3) 25 s (4) 26 s (3) 10 s (4) 12 s 
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82. 


A body released from a height falls freely towards 
earth. Another body is released from the same point 
exactly one second later. The separation between 


them two seconds after the release of the second 


body is :- 
(1) 9.8m (2) 49 m 
(3) 24.5m (4) 19.6m 
83. A particle starts from rest with constant 
acceleration. The ratio of space-average velocity 
to the time average velocity is : 
1 3 4 3 
(1) 3 (2) a (3) 3 (4) 2 
GRAPHICAL ANALYSIS 
84. Velocity-time curve for a body projected vertically 
upwards is a/an :— 
(1) Parabola (2) Ellipse 
(3) Hyperbola (4) Straight line 
85. Fig. shows the displacement of a particle moving 
along x-axis as a function of time. The acceleration 
of the particle is zero in the region : 
time 
(a) AB (b) BC 
(c) CD (d) DE 
Select correct alternative 
(1) a, b (2) a, c 
(3) b, d (4) c, d 
86. A car starts from rest and accelerates uniformly 


by for 4 seconds and then moves with uniform 
velocity which of the x-t graph represent the motion 
of the car ? 


a Z 
(1) (2) 
t t 
(3) (4) 

t t 


87. 


88. 


89. 
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Graph between the sguare of the velocity (v) of a 
particle and the distance (s) movedis shownin figure. 
The acceleration of the particle in kilometers per 
hour sguare is : 


4600 


Pa 


s(km) 0.6 


— 
(1) 2250 (2) 3084 
(3) — 2250 (4) - 3084 


The fig. shows the position time graph of a particle 
moving on a straight line path. What is the 
magnitude of average velocity of the particle over 
10 seconds ? 


(0: ET, 

a RE VE t(s) 
(1) 2 m/s (2) 4 m/s 
(3) 6 m/s (4) 8 m/s 


A person walks along an east-west street and a graph 
of his displacement from home is shown in figure. 
His average velocity for the whole time interval is 


nonea 
= 20 
a 15 181921 
g0 
x 
—20 
Djuvals as) 
(1) 0 (2) 23 m/s 
(3) 8.4 m/s (4) None of above 


53 


90. 


91. 


92. 


93. 


From the following velocity time graph of a body | 94. In above question mean velocity of rocket during 
the distance travelled by the body and its the time it took to attain the maximum height : 
displacement during 5 seconds in metres will be : (1) 100 m/s (2) 50 m/s 
40 (3) 500 m/s (4) 25/3 m/s 
_ 30 95. In above question the retardation of rocket is : 
$ 20 (1) 50 m/s? (2) 100 m/s? 
> 
Z (3) 500 m/s? (4) 10 m/s? 
O 
cālis 15 t (in sec) 96. In above question the acceleration of rocket is : 
—10 
a0 (1) 50 m/s? (2) 100 m/s? 
= (3) 10 m/s? (4) 1000 m/s? 
LA S) 97. In above guestion the rocket goes up and comes 
down on the following parts respectively : 
(1) 75, 75 (2) 110, 70 (1) OA and AB 
(3) 110, 110 (4) 110, 40 
(2) AB and BC 
A body is projected vertically upward from the 
surface of the earth, its velocity-time graph is : (3) JĀ and ABC 
(4) OAB and BC 
v 98. For the motion of a particle acceleration-time graph 
(2) is shown in figure. The velocity time curve for the 
duration of 0 — 4 seconds is : 
(4) E 
oO 
t 
A rocket is launched upward from the earth is 
surface whose velocity time graphs shown in figure. 
Then maximum height attained by the rocket is 6 
5 
6 4 
25 3 
P 7 
(1) 2 (2) $ 0 t(s) 
1 oll 
Ot t(s) = 
TAg 3 
20 40 60 80 100 120 
(1) 1 km (2) 10 km y 
(3) 100 km (4) 60 km i 3 
In above guestion, height covered by the rocket E jā ; 
before retardation is : (3) 2 (4) = 
(1) 1 km (2) 10 km 9 -3 
(3) 20 km (4) 60 km 
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99. 


100. 


101. 


A ball is dropped from the certain height on the 


surface of glass. It collides elastically and comes back 
to its initial position. If this process it repeated then 
the velocity time graph is : 

(Take downward direction as positive) 


velocity 
| 

N 

— 


(1) 
8 
(2) * 
5 
(3) $ 
S all 
(4) * I i 


A particle starts from rest and move with constant 
acceleration. Its velocity-displacement curve is : 
v v 
(1) (2) 
s s 
v v 
(3) (4) 
s s 


The displacement-time graph of a moving particle 
is shown. The instantaneous velocity of the particle 
is negative at the point : 


5 
= D 
8 
‘al Ac E dr 
È 
time 
(1) D (2) F (3) C (4) E 


102. Figure below shows the velocity-time graph of a one 


103. 


104. 


105. 


dimensional motion. Which of the following 
characteristics of the particle is represented by the 
shaded area? 


v 

O t 
(1) Speed (2) Displacement 
(3) Acceleration (4) Momentum 


The graph between the displacement x and time t 
for a particle moving in a straigh line is shown in 
figure. During the interval OA, AB, BC and CD, 
the acceleration of the particle is : 


a 
- 
4 A Be 
time 
OA AB BC CD 
(1) + 0 + + 
(2) - 0 + 0 
(3) + 0 + 
(4) - 0 — 0 


The variation of velocity of a particle moving along 
a straight line is illustrated in the figure. The 
distance transvered by the particle in 4 seconds is 


v(m/s) 


(1)60m (2)25m (3 55m (4)30 m 


Which of the following velocity-time graphs 
represent uniform motion ? 


V 


V 
(2) Ž 
t t 
V. 
(4) a 


t 
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106. Which of the following velocity-time graphs shows 
a realistic situation for a body in motion ? 


109. The velocity-time graph of an object is shown. The 


displacement during the interval 0 to t, is :- 


107. Acceleration-time graph of a body is shown. The 


corresponding velocity-time graph is : 


L 
-E 


Velocity-time (v-t) graph for a moving object is shown 
in the figure. Total displacement of the object during 
the time interval when there is non-zero acceleration 
and retardation is :— 


— 


108. 


1020 30 4050 t(sec) 


(1) 60 m (2) 50 m 


(3) 30 m (4) 40 m 


(1) Area A + Area B + Area C + Area D + Area E 
(2) Area A + Area C — Area B - Area D 
(3) Area A + Area B + Area C + Area D 


(4) Area A + Area C + Area E — Area B + Area D 


110. A particle starts from rest. Its acceleration at time 
t = Ois5 m/s? which varies with time as shown in 


the figure. The maximum speed of the particle will 


be: 

(1) 7.5 m/s a ea m/s 

(2) 15 m/s 

(3) 30 m/s 

(4) 37.5 m/s j 6s ”' 


111. A car accelerates from rest at a constant rate of 
2 m/s? for some time. Then, it retards at a constant 
rate of 4 m/s? and comes to rest. If it remains in 
motion for 3 seconds, then the maximum speed 
attained by the car is : 


(1) 2 m/s (2) 3 m/s 
(3) 4 m/s (4) 6 m/s 
GROUND TO GROUND PROJECTION 


112. In the graph shown in fig. time is plotted along x- 
axis. Which quantity associated with a projectile 
motion is plotted along the y - axis ? 

(1) kinetic energy 


ty 


(2) momentum is. 
(3) horizontal velocity = 


(4) none of the above t 


113. In case of a projectile fired at an angle equally inclined 
to the horizontal and vertical with velocity u, the 


horizontal range is : 


u tī” 
(1) = (2) 2g 
2u? u? 
(3) aa (4) g 


56 


New Delhi - 110074 
9810934436 , 8076575278 , 8700391727 


114. 


115. 


116. 


117. 


118. 


119. 


A shell is fired vertically upwards with a velocity 


v, from the deck of a ship moving with a speed 
v,. A person on the shore observes the motion of 
the shell as a parabola. Its horizontal range is given 
by f 


Qviv» 2v,v5 
1) — 2) —— 
(1) g (2) g 

2v1V» 2vivž 

a 4 ee 
(3) g (4) g 


The range of a projectile when fired at 75° to the 
horizontal is 0.5 km. What will be its range when 
fired at 45° with the same speed ? 


(1) 0.5 km (2) 1.0 km 
(3) 1.5 km (4) 2.0 km 


A particle is projected with a velocity u making an 
angle 6 with the horizontal. At any instant, its velocity 


vis at right angle to its initial velocity u; then v is: 
(1) u cos 0 (2) u tan 0 
(3) u cot 0 (4) u sec 0 


The speed of a projectile at its maximum height 


is Z times of its inital speed 'u' of projection. 


Its range on the horizontal plane is : 


3u? u 
(1) 24 (2) 2g 
3u? 3u? 

(3) 2g (4) 


A ball is thrown at an angle 9 to the horizontal and 
the range is maximum. The value of tan0 is : 


(1) 1 (2) /3 


(4) 2 


A student is able to throw a ball vertically to a 
maximum height of 40 m. The maximum distance 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


Three projectiles A, B and C are thrown from the 
same point in the same plane. Their trajectories 
are shown in the figure. Which of the following 
statement is true ? 


O ABC 
(1) The time of flight is the same for all the three 
(2) The launch speed is largest for particle C 
(3) The horizontal velocity component is largest for 
particle C 
(4) All of the above 


A projectile is thrown with an initial velocity of 


¥ Sai + bj . If range of the projectile is double 


the maximum height attained by it then : 


(1) a = 2b (2) b = a 
(3) b = 2a (4) b = 4a 

2 
The equation of a projectile is y = /3 x - > 
The angle of projection is : 
(1) 30° (2) 60° (3) 45° (4) none 


2 
x 
The equation of a projectile is y = 16x — a The 


horizontal range is : 


(1) 16m (28m (3) 64 m (4)12.8m 


If a projectile is fired at an angle 6 to the vertical 
with velocity u, then maximum height attained is 
given by : 


u? cos 0 u? sin” 0 
2g 2g 
u? sin” 0 u? cos” 0 
(3) — “a 


If R is the maximum horizontal range of a particle, 
then the greatest height attained by it is : 


(1) R (2) 2R 


Two stones are projected with the same speed but 
making different angles with the horizontal. Their 
ranges are equal. If the angle of projection of one 


T 
to which he can throw the ball in the horizontal is 3 and its maximum height is y,, then the 
direction is : maximum height of the other will be : 
(1) 40 (2)!/2 m (2) 20(2)'/%m y y 
(3) 20 m (4) 80 m Dy 2% 937 37 
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127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


A projectile is thrown from a point in a horizontal 
plane such that its horizontal and vertical velocity 
components are 9.8 m/s and 19.6 m/s respectively. 
Its horizontal range is : 
(1) 4.9 m 

(3) 19.6 m 


(2) 9.8 m 
(4) 39.2 m 


A projectile is thrown into space so as to have the 
maximum possible horizontal range egual to 400m. 
Taking the point of projection as the origin, the 
coordinates of the point where the velocity of the 
projectile is minimum are: 

(1) (400, 100) m 

(2) (200, 100) m 

(3) (400, 200) m 

(4) (200, 200) m 


A particle is fired with velocity u making 6 angle 
with the horizontal. What is the change in velocity 
when it is at the highest point ? 

(1) u cos 8 (2) u 

(3) usin 0 (4) (u cos6 — u) 


In the above, the change in speed is : 
(1) u cos 0 (2) u 
(3) usin 0 (4) (u cos6 — u) 


An arrow is shot into the air. Its range is 200 metres 
andits time of flight is 5 s. If the value of g is assumed 
to be 10 m/s’, then the horizontal component of 
the velocity of arrow is : 

(1) 25 m/s (2) 40 m/s 

(3) 31.25 m/s (4) 12.5 m/s 


In the Q.133, the maximum height attained by the 
arrow is : 

(1)25m (2) 40 m 

(3) 31.25m (4) 12.5m 


In the Q.133, the vertical component of the velocity 
is : 

(1) 25 m/s (2) 40 m/s 

(3) 12.5 m/s (4) 31.25 m/s 


In the Q.133, the angle of projection with the 


horizontal is : 
5 
tan'| — 
am 


af 4 

(1) tan (=| 
1[8 
(4) tan B 


135. 


136. 


137. 


138. 


139. 


140. 


A ball is thrown at different angles with the same 
speed u and from the same point; it has the same 
range in both the cases. If y, and y, be the heights 
attained in the two cases, then y, + y, =... : 


yf ti 

on (2 Z 
u uw 

(8) Za (4 Zz 


Two balls A and B are thrown with speeds u and 
u/2 respectively. Both the balls cover the same 
horizontal distance before returning to the plane of 
projection. If the angle of projection of ball B is 15° 
with the horizontal, then the angle of projection of 
Ais: 


(1) sin” (=) 


At what angle to the horizontal should a ball be 
thrown so that its range R is related to the time of 
flight T as R = 5T?? Take g = 10 ms*: 

(1) 30° (2) 45° 

(3) 60° (4) 90° 

A projectile is projected with initial velocity 
(6i a 8}) m/s. If g = 10 ms~, then horizontal range 
is: 

(1) 4.8 metre 
(3) 19.2 metre 


(2) 9.6 metre 
(4) 14.0 metre 


Ifthe range of a gun which fires a shell with muzzle 
speed v, is R, then the angle of elevation of the gun 


The maximum range of a projectile fired with some 
initial velocity is found to be 1000 m. The maximum 
height (H) reached by this projectile is : 

(1) 250 metre (2) 500 metre 

(3) 1000 metre (4) 2000 metre 
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141. 


142. 


143. 


144. 


145. 


146. 


147. 


The angle which the velocity vector of a projectile, 


will make with the horizontal after time t of its being 
thrown with a velocity v at an angle 6 to the 


horizontal, is : 
(2) tan` (e) 
t 
vcos6 


fan a venta) 
(3) 1an E ae ( vcos0 


A particle is projected at an angle of 45°, 8m away 
from the foot of a wall, just touches the top of the 
wall and falls on the ground on the opposite side at 
a distance 4m from it.The height of wall is : 


Mi. S S 3 
(1) 5m (2) 3m (3) gm 


(1)0 


The maximum horizontal range of a gun is 16 km. 
If g = 10 m/s’, the muzzle velocity of the shell 
must be :- 

(1) 1600 m/s 


(3) 200 /2 m/s 


(2) 400 m/s 
(4) 160 /10 m/s 


A body is thrown with a velocity of 9.8 m/s making 
an angle of 30° with the horizontal. It will hit the 
ground after a time :— 
(1)3s 

(3) 1.5s 


Three particles A, B and C are projectied from 

the same point with the same initial speeds making 

angles 30°, 45° and 60° respectively with the 

horizontal. Which of the following statements are 

correct ? 

(1) A, B and C have unequal ranges 

(2) Ranges of A and C are equal and less than that 
of B 

(3) Ranges of A and C are equal and greater than 
that of B 

(4) A, B and C have equal ranges 


A ball whose kinetic energy is E, is thrown at an 
angle of 45° to the horizontal. Its kinetic energy at 
the highest point of its flight will be :— 


E E 


(1)E (4) zero 


A body is projected at such an angle that the 
horizontal range is three times the greatest height. 
The angle of projection is :- 


(1) 25° (2) 33° (3) 42° (4) 53° 
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A projectile can have the same range R for two 
angles of projection. If t, and t, be the times of 
flight in the two cases, then :- 


(1) t,t, œ R? (2) t,t, «R 
1 1 
(3) tt, oe R (4) tt, lā R* 
A body is thrown with some velocity from the ground. 


Maximum height attained when it is thrown at 60° to 
the horizontal is 90 m. What is the height attained 
when it is thrown at 30° to the horizontal ? 


(1) 90 m (2) 45m 

(3) 30 m (4) 15m 

At the uppermost point of a projectile its velocity 
and acceleration are at an angle of :— 

(1) 180° (2) 90° 

(3) 60° (4) 45° 

A force F = 6t"i + 4tj acts on a particle of mass 


3 kg. What will be velocity of the particle at 
t = 3 second if at t = 0, the particle was at rest :- 


(1) 181+ 6j (2) 181 +12) 


(3) 1274 6] 


(4) none 


A number of bullets are fired in all possible directions 
with the same initial velocity u. The maximum area 
of ground covered by bullets is :— 


2u2 Y uy 
ae an 
a(t] o 99(5) 


ū 2 
o sda) 


For a given angle of projection if the initial velocity 
is doubled the range of the projectile becomes :- 


(1) half (2) one-fourth 


(3) two times (4) four times 


A ball is projected to attain the maximum range. 
If the height attained is H, the range is 


(1) H (2) 2H 
(3) 4H (4) H/2 
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Two projectiles are fired from the same point with 
the same speeds at angles of projection 60° and 
30° respectively. Which one of the following is 
true ? 


(1) Their horizontal ranges will be the same 

(2) Their maximum heights will be the same 

(3) Their landing velocities will be the same 

(4) Their times of flight will be the same 

A ball is projected vertically upwards with a certain 
speed. Another ball of the same mass is 
projected at an angle 60° to the vertical with the 
same initial speed. The ratio of their potential 


energies at highest points of their journey, will be 
(1)1:1 (2) 2:1 (3) 3:2 (4)4:1 


PROJECTION FROM A HEIGHT 


157. 


158. 


159. 


160. 


A body is thrown horizontally with a velocity ,/2gh 


from the top of a tower of height h. It strikes the 
ground level through the foot of the tower at a 
distance x from the tower. The value of x is : 


(1)h (2) = (3) 2h 
When a particle is thrown horizontally, the resultant 


velocity of the projectile at any time t is given by : 


(1) gt 


(3) hy? +g*t" (4) hy? - gt? 


A ball is projected upwards from the top of a tower 
with a velocity of 50 m/s making an angle of 30° 
with the horizontal. The height of the tower is 70m. 
After how much time from the instant of throwing, 
will the ball reach the ground ? 


(1)2s (2)5s 


(3) 7 s (4)9s 


An aeroplane moving horizontally with a speed of 
180 km/h drops a food packet while flying at a 
height of 490 m. The horizontal range of the 
packet is : 


(1) 180 m (2) 980 m 


(3) 500 m (4) 670 m 


161. 


162. 


163. 


164. 


165. 


166. 


Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 
New Delhi - 110074 
9810934436 , 8076575278 , 8700391727 


A plane is flying horizontally at 98 m/s and releases 
an object which reaches the ground in 10 s. The 


angle made by it while hitting the ground is : 
(1) 55° (2) 45° 


(3) 60° (4) 75° 


A stuntman plans to run along a roof top and then 
horizontally off it to land on the roof of next building. 
The roof of the next building is 4.9 metres below 
the first one and 6.2 metres away from it. What 
should be his minimum roof top speed in m/s, so 
that he can successfully make the jump ? 


(1) 3.1 (2) 4.0 
(3) 4.9 (4) 6.2 
From the top of a tower 19.6 m high, a ball is thrown 


horizontally. If the line joining the point of projection 
to the point where it hits the ground makes an angle 
of 45° with the horizontal, then the initial velocity of 
the ball is : 


(1) 9.8 m/s (2) 4.9 m/s 
(3) 14.7 m/s (4) 2.8 m/s 
A bomber is flying horizontally with a constant speed 


of 150 m/s at a height of 78.4 m. The pilot has to 
drop a bomb at the enemy target. At what horizontal 
distance from the target should he release the 
bomb? 


(1)Om (2) 300 m 
(3) 600 m (4) 1000 m 
A particle is projected horizontally with a speed of 


20 
B m/s, from some height at t = 0. At what time 


will its velocity make 60° angle with the initial velocity 


— m/s 


"a, 
us 
s, 


- 
e. 


(1) 1 sec (2) 2 sec (3) 1.5 sec 


In the above question what will be the 
displacement of the particle in x-direction when its 
velocity makes 60° angle with the initial velocity 


(4) 2.5 sec 


O 40 50, 10 
(1) 5" (2) 5" 3) 5 A 5 
60 
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A boy wants to jump from building A to building B. 


Height of building A is 25 m and that of building B 
is 5m. Distance between buildings is 4m. Assume 
that the boy jumps horizontally, then calculate 
minimum velocity with which he has to jump to land 
safely on building B. 


25m 


A B 
4m 


5m 


(1)6m/s (2)8m/s (3)4m/s (4)2m/s 


RELATIVE MOTION IN ONE DIMENSION 
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169. 
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A train moves in north direction with a speed of 
54 km/h A monkey is running on the roof of the 
train, against its motion with a velocity of 
18km/h. withrespectto train. The velocityof monkey 
as observed by a man standing on the ground is: 
(1) 5 m/sdue south (2) 25 m/s due south 
(3) 10 m/s due south (4) 10 m/s due north 
A lift is moving downwards with acceleration a. A 
man in the lift drops a ball within the lift. The 
acceleration of the ball as observed by the man in 
the lift and a man standing stationary on the ground 
are respectively : 

(2)g-a,g-a 

(4) a, g 


A boat takes 2 hours to go 8 km and come back 


(1)g,g 
(3) g—a, g 


in still water lake. The time taken for going 8 km 
upstream and coming back with water velocity of 
4km/h is : 

(1) 140 min 
(3) 160 min 


(2) 150 min 
(4) 170 min 


Four persons P, Q, R and S of same mass travel 
with same speed u along a square of side 'd' such 
that each one always faces the other. After what time 
will they meet each other ? 


Pr Q 
| 
d 
u 
shek | 
d 2d 2d 
() 7 (2) 3, (3) — (4) d/3u 
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Six persons of same mass travel with same speed 
ualong a regular hexagon of side 'd' such that each 
one always faces the other. After how what will they 
meet each other ? 


u u 
d 2d 
(1) T (2) Su 
2d 
(3) šā (4) d/3u 


A person walks up a stalled escalator in 90 sec. 
He is carried in 60s, when standing on the same 
escalator which is now moving. The time he would 
take to walk up the moving escalator will be :- 
(1) 27 s (2) 72 s 
(3) 18 s (4) 36 s 


A jet air plane travelling with a speed of 500 km/h 
ejects its products of combustion with a speed of 
1500 km/h relative to the jet plane. The speed 
of the latter with respect to an observer onthe ground 
is :- 

(1) 1500 km/h 
(3) 1000 km/h 


(2) 2000 km/h 
(4) 500 km/h 


A train of 150 m length is running towards north at 
a speed of 10 m/s. A parrot flies at a speed of 
5 m/s towards south parallel to the railway track. 
The time taken by the parrot to cross the train is 


equal to :— 
(1) 12s (2)8s 
(3) 15s (4) 10s 


Two trains each 50m long, are travelling in opposite 
directions with respective velocities 10 m/s and 15 
m/s. The time of crossing is :- 

(1)2s (2) 4s 


(3) 2/3s (4) 4/3s 


Two cars are moving in the same direction with the 
same speed of 30 km/h. They are separated by 5 
km. What is the speed of a car moving in the 
opposite direction if it meets the two cars at an 
interval of 4 minute ? 
(1) 45 km/h 


(3) 105 km/h 


(2) 60 km/h 
(4) None 
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A stone is thrown upwards and it rises to a height 
of 200 m. The relative velocity of the stone with 
respect to the earth will be maximum at :— 

(1) Height of 100 m (2) Height of 150 m 


(3) Highest point (4) The ground 


A bus starts from rest moving with an acceleration 
of 2m/s*. A cyclist, 96 m behind the bus starts 
simultaneously towards the bus at 20 m/s. After what 
time will he be able to overtake the bus :- 


(1) 8s (2) 10 s (3) 12 s (4) 1s 


A train is moving towards East with a speed 20 m/s. 
A person is running on the roof of the train with a 
speed 3 m/s against the motion of train. Velocity of 
the person as seen by an observer on ground will 
be: 

(1) 23 m/s towards East 

(2) 17 m/s towards East 

(3) 23 m/s towards West 

(4) 17 m/s towards West 

A motorcycle is moving with a velocity of 80 km/h 
ahead of a car moving with a velocity of 65 km/h 
in the same direction. What is the relative velocity 
of the motorcycle with respect to the car ? 


(1) 15 km/h (2) 20 km/h 
(3) 25 km/h (4) 145 km/h. 
A 100 m long train crosses a man travelling at 


5 km/h, in opposite direction in 7.2 seconds, then 
the velocity of train is :- 


(1) 40 km/h 
(3) 20 km/h 


(2) 25 km/h 
(4) 45 km/h 


An elevator is accelerating upward at a rate of 
6 ft/sec? when a bolt from its ceiling falls to the 
floor of the lift (Distance = 9.5 feet). The time 
(in seconds) taken by the falling bolt to hit the floor 
is (take g = 32 ft/ sec?) 


(1) /2 2) 5 


1 
(3) 2/2 (4) PA 


A 210 metres long train is moving due north with 
a speed of 25 m/s. A small bird is flying due south 
a little above the train with 5 m/s speed The time 
taken by the bird to cross the train is :- 


(1)6s (2) 7 s (3) 9 s (4) 10s 


185. 
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Two balls are thrown simultaneously, (A) vertically 


upwards with a speed of 20 m/s from the ground 
and (B) vertically downwards from a height of 
40 m with the same speed and along the same 
line of motion. At which point will the balls collide? 
(take g = 10 m/s") 

(1) 15 m above from the ground 

(2) 15 m below from the top of the tower 

(3) 20 m above from the ground 

(4) 20 m below from the top of the tower 


A body A is thrown up vertically from the ground 
with velocity v, and another body B is simultaneously 
dropped from a height H. They meet at a height 


Ho 
Z if v, is equal to 


2g 


1 
(3) Vei (4) 5 


(1) (2H (2) JH 


RELATIVE MOTION IN TWO DIMENSION 


187. 


188. 


189. 


Q Shrivastava Classes, D-27, Near JVTS Garden,Chattarpur Extension 
New Delhi - 110074 
9810934436 , 8076575278 , 8700391727 


A boy is running on a levelled road with velocity (v) 
with a long hollow tube in his hand. Water is falling 
vertically downwards with velocity (u). At what angle 
to the vertical, should he incline the tube so that the 
water drops enters without touching its side : 


-1 V ¿=Ï V 
(1) tan (2) (2) sin (<) 


[|u -1{V 
a) «xl 


A river flows from east to west with a speed of 
5m/min. A man on south bank of river, capable of 
swimming at the rate of 10 m/min in still water, 
wants to swim across the river in shortest time; 
he should swim : 

(1) due north 

(2) due north-east 

(3) due north-east with double the speed of river 
(4) none of the above 


A boat is sailing with a velocity (31+4}) with respect 
to ground and water in river is flowing with a velocity 


(-3i —4}) . Relative velocity of the boat with respect 


to water is : 
(1) 8j (2) 5/2 
(3) 61+ 8] (4) -6i -8j 
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Ariveris flowing at the rate of 6 km/h. A swimmer swims 


across the river with a velocity of 9 km/h w.r.t. water. 
The resultant velocity of the man will be in (km/h):- 


(1) /117 (2) /340 (3) /17 (4 3/40 


A man wishes to swim across a river 0.5 km wide. 
If he can swim at the rate of 2 km/h in still water 
and the river flows at the rate of 1 km/h. The angle 
made by the directon (w.r.t. the flow of the river) 
along which he should swim so as to reach a point 
exactly opposite his starting point, should be : 

(1) 60° (2) 120° (3) 145° (4) 90° 


A boat-man can row a boat to make it move with 
aspeed of 10 km/h in still water. River flows steadily 
at the rate of 5 km/h. and the width of the river 
is 2 km. If the boat man cross the river along the 
minimum distance of approach then time elapsed 
in rowing the boat will be : 


23 
5 


2 
h (2) 5" (3) 82), 


5/2 
> SAE 


(1 3 


(4) 


A bird is flying towards south with a velocity 
40km/h and a train is moving with a velocity 
40 km/h towards east. What is the velocity of the 
bird w.r.t. an obserber in the train ? 


(1) 40V2 km/h. N-E 
(2) 40 V2 km/h. S-E 
(3) 40 V2 km/h. S-W 


(4) 40 V2 km/h. N-W 


A bird is flying with a speed of 40 km/h in the 
north direction. A train is moving with a speed of 
40 km/h in the west direction. A passenger sitting 
in the train will see the bird moving with velocity : 
(1) 40 km/h in N-E direction 


(2) 40/2 km/h in N-E direction 

(3) 40 km/h in N-W direction 

(4) 40/2 km/h in N-W direction 

A particle is moving with a velocity of 10m/s towards 
east. After 10 s its velocity changes to 10m/s 


towards north. Its average accelaration is :- 
(1) zero 


(2) /2 m/s? towards N-W 
1 
(3) Z m/s? towards N-E 


1 
(4) Z m/s? towards N-W 


ANa, 
ie 4 
e} 
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A man is walking on a road with a velocity of 
3km/h when suddenly, it starts raining velocity of 
rain is 10km/h in vertically downward direction, 
relative velocity of the rain with respect to man is : 
(1) V13 km/hr (2) V7 km/hr 

(3) /109 km/hr (4) 13 km/h 


Two particles are separated by a horizontal distance 
x as shown in figure. They are projected as shown 
in figure with different initial speeds. The time after 
which the horizontal distance between them 
becomes zero is : 


cm 
3 u 
30° 607 
<peconenccaasscnscaccaccnons Jeeeeroeneeconnenacneecoone > 

2 (2) == 

u 2x 

2u 
(3) = (4) none of these 


Let ī,(t) = 3ti+ 4t?j and ī,(t) = 4t?i +3tj represent 
the positions of particles 1 and 2, respectively as 
functions of time t; ī,(t) and ī,(t) are in metres 


and t is in seconds. The relative speed of the two 
particles at the instant t =1 s, will be 


(1) 1 m/s (2) 3/2 m/s 
(3) 5/2 m/s (4) 7/2 m/s 
A river 4.0 miles wide is flowing at the rate of 


2 miles/hr. The minimum time taken by a boat to 
cross the river with a speed v = 4 miles/hr (in still 
water) is approximately 

(1) 1 hr and O minute 

(2) 2 hr and 7 minutes 

(3) 1 hr and 12 minutes 

(4) 2 hr and 25 minutes 


A river 2 km wide is flows at the rate of 2km/h. A 
boatman who can row a boat at a speed of 
4 km/h in still water, goes a distance of 2 km 
upstream and then comes back. The time taken by 
him to complete his journey is 

(1) 60 min (2) 70 min 

(3) 80 min (4) 90 min 
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201. Two cars A and B start moving from the same point 
with same speed v = 5 km/minute. Car A moves 
towards North and car B is moving towards East. What 
is the relative velocity of B with respect to A? 


1) 5/2 km/min towards South-East 
2) 5/2 km/min towards North-West 
(3) 5/2 km/min towards South-West 


4) 5/2 km/min towards North-East 


EXERCISE-I (Conceptual Questions) ANSWER KEY 
cau a | | ee ee ee on sd EG EEC) 
Ans| 1 | 3 | 3 | 2 | 2 | 1 | 21 | a a 2 i 2 2 2 | 2 | 
Qae 16 | 17 |18| 19 |20! | 2ū | 22-| 23 | za | 25 | 26 |27 | 28 | 29: | 30, 
Ans| 4 | 3 | 3 | 2 | 3 | 3 | 3 |2 1s 4/1/13 3s | 2 | 
Que! 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 
Ans| 1 | 4 | 3 | 2 | 2 | 2/1 | 3 | 3 [3 | 2/1 | 4 | 2 | 
Que! 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 
Ans.| 4 | 2 | 1 | 4 | 4 ļ a 22 2s 3s (3 |2 /1 [2 | 
Que! 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 
Ans.) 3 | 2 | 3 | 2 | 3 | 2 | 2/1 | 3 2 js /3 | 2/2 [1 | 
Que! 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 387 |88 | 89 | 90 | 
Ans.| 2 | 1 | 1 | 3 | 2 | 4 | 3 | 3 | 4[2|4/4 1/1 /1/{2 | 
Que! 91 | 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103 | 104 | 105 | 
Ans| 2 | 4 | 2 | 3 | 4/1 /4/1/3/2|4/2/2/3 Jı) 
Que 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 
Ans| 2 | 3 | 2 | 2 | 2 | 3 | 3 [1 | 3 [2] 3/1/11 /4 [4 | 
(Que| 121 | 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130 | 131 | 132 | 133 | 134 | 135 | 
Ans) 3 | 2 | 3 | 4 | 4 | 4/4 /2/3 a {2/3/11 / 3 [3 | 
(Que. 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 
Ans.| 2 | 2 | 2 | 4/1 | 4 | 3 | 2/4/23 /4 | 2/3 | 2 | 
(Que 151 | 152 | 153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162 | 163 | 164 | 165 | 
Ans| 1 | 4 | 4 | 3 | 1 | 4 | 3 | 3 | 3 [3 | 2/4/11 / 3 | 2 | 
|(Oue.| 166 | 167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175 | 176 | 177 | 178 | 179 | 180 | 
Ans| 2 | 4 | 4 | 3 | 3 |i | 3 | 4 sa zaļa | 1 [2 | 
(Que 181 | 182 | 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 | 192 | 193 | 194 | 195 | 
Ans| 1 | 4 | 2 | 2/1 | 2/1 [1 |] 3 [1] 2/2] 3/2 |2] 
Que. 196 | 197 | 198 | 199 | 200 | 201 | 
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EXERCISE-II (Assertion & Reason) 


Directions for Assertion & Reason questions 


These Questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses. 


(A) _ If both Assertion & Reason are True & the Reason isa correct explanation of the Assertion. 
(B) If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion. 
(C) If Assertion is True but the Reason is False. 

(D) Ifboth Assertion & Reason are false. 

1. Assertion : A body can have acceleration even if | 7. Assertion : The distance traversed, during equal 
its velocity is zero at a given instant of time. intervals of time, by a body falling from rest are in 
Reason : A body is momentarily at rest when it ratio 1: 3:5: 7.....[Galileo's law of odd numbers] 
reverses its direction of motion. Reason : A particle in one-dimensional motion 
(JA (2) B (3) C (4) D with zero speed may have non-zero velocity. 

2. Assertion : If the displacement of the body is zero, (JA (2)B (3) C (4) D 
the distance covered by it may not be zero. 8. Assertion : When a particle moves with constant 
Reason : Displacement depends only on end points velocity its average velocity, its instantaneous velocity 
; distance (path length) depends on the actual path. and its speed are all equal in magnitude. 

Reason : If the average velocity of a particle moving 
(JA (2) B (3) C (4) D on astraight line is zero in a time interval, then it is 
possible that the instantaneous velocity is never zero 

3. Assertion : The magnitude of average velocity of i . 

in the interval. 
an object over an interval of time is either smaller 
than or equal to the average speed of the object (1)A (2)B (3)C (4)D 
over the same interval. 9. Assertion : In successive time intervals, if the 
Reason : Path length (distance) is either equal to average velocities of a particle are equal then the 
or greater than the magnitude of displacement. particle must be moving with constant velocity. 
(1) A (2)B (3) C (4) D Reason : When a particle moves with uniform 
. velocity, its displacement may increase or decrease 
4. Assertion : An object can have constant speed a 
with time. 
but variable velocity. 
i i (IJA (2) B (3) C (4) D 
Reason : Speed is a scalar but velocity is a vector N 
arī 10. Assertion : If a body is dropped from the top of a 
ka = tower of height h and another body is thrown up 
(1) A (2) B (3) C (4) D simultaneously with velocity u from the foot of the tower, 
5. Assertion : The speed of a body can be negative. h 
, a : then both of them would meet after a time —. 
Reason : If the body is moving in the opposite u 
direction of positive motion, then its speed is Reason : For a body projected upwards, the 
negative. distance covered by the body in the last second of 
(IJA (2) B (3) C (4) D its upward journey is always 4.9 m irrespective of 
velocity of projection.(g = 9.8 m/s*.) 

6. Assertion : A positive acceleration can be (1)A (2)B (3) C (4) D 
associated with 'slowing down' of the body. 11. Assertion : Fora moving object, | displacement | < 
Reason : The origin and the positive direction of distance. 
3n axisare a«nātiērol choice. Reason : Instantaneous speed is equal to the 

magnitude of the instantaneous velocity. 
Ma ae ee a (A (2) B (3) C (4) D 
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Assertion : In a free fall, the initial velocity of a | 20. Assertion : In projectile motion, when horizontal 
body may not be zero. range is n times the maximum height, the angle 
Reason : Free fall means the vertical acceleration 
of the body is equal to g. of projection is given by tan = a 
(IJA (2) B (3) C (4) D Reason : In the case of horizontal projection the 
Assertion: Distanceis the actual length of the path magnitude of vertical velocity increases with time. 
but magnitude of displacement isthe shortest distance (1) A (2) B (3) C (4) D 
between initial and final positions. 
; ; i „. |21. Assertion: Ina projectile motion, the acceleration 
Reason : Distance is a scalar quantity and it is ; M , ee 
a: N A is constant in both magnitude and direction but the 
always positive or zero but displacement is a vector i j i tia 
quantity. It may be positive, negative or zero. velocity changes in both magnitude and direction. 
(1)A (2)B (3)C (4) D i : is a force T r is dir 
: in an oblique direction to the direction of velocity, 
Assert : Rest (of lative t F 
aserton: Restol a body) isa relaiive tarm then both magnitude and direction of the velocity 
Reason : Motion of a body may be absolute term. may be changed. 
(1)A (2) B (3) C (4) D (1) A (2) B (3) C (4) D 
Assertion : A body moving with constant | 22. Assertion : In a projectile motion the projectile 
acceleration, always travels egual distance in egual hits the ground with the same velocity with which 
time intervals. i 
it was thrown. 
Reason : Motion of the body with constant ee M l l 
cee ; i Reason : In a projectile motion horizontal velocity 
acceleration is a uniform motion. , . , 
remains same but vertical velocity continuosly 
(JA (2)B (3)C (4)D changes and particle strikes the ground with same 
Assertion : To cross the river in minimum time, vertical velocity with which the particle was thrown 
swimmer should swim in a direction perpendicular in vertical direction. 
to the water current. (1) A (2) B (3) C (4) D 
sea : In this case river flow helps to cross the 23. Assertion : In a projectile motion, the vertical 
velocity of the particle is continuously decreased 
(JA (2)B (3) C (4)D during its ascending motion. 
Assertion : A body dropped from a given height Reason : In projectile motion downward constant 
and another body projected horizontally from the ee : : ARI 
S é acceleration is present in vertical directiion. 
same height strike the ground simultaneously. a JÜ je A D 
Reason : Horizontal velocity has no effect in the 1) (2) (3) 4) 
vertical directori: 24. Assertion: The path of one projectile as seen from 
(A (2)B (3) C (4) D another projectile is a straight line. 
R : T jectil ject ith 
Assertion : A projectile is thrown with an initial saa be ae ee ig Prcjecter Wit Same 
aes speed at angles a and (90° — a) have same range. 
velocity of (ai + bj)m/s. If range of projectile is (1) A (2) B (3) C (4) D 
maximum then a = b. 25. Assertion: ln the projectile motion projected body 
Reason : In projectile motion, angle of projection behaves just like a freely falling body. 
is equal to 45° for maximum range condition. Reason : There is no change in linear momentum 
(1)A (2) B (3) C (4) D 
aus iectil tion. 
Assertion : If the position vector of a particle T a 
=> A A 
moving in space is given by r = 2ti — 4t? j, then OA ere rE ap 
; : i 26. Assertion : Projectile motion is uniformly accelerated 
the particle moves along a parabolic trajectory. 
IR = motion. ( Neglect the effect of air. ) 
^ 7 ^ 27 
Reason: r = xi+yj and r=2ti-4t°j > Reason : In projectile motion, speed remains 
y=— x’, constant. 
(1)A (2) B (3) C (4) D (1)A (2) B (3) C (4) D 
io He | i 
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27. 


28. 


29. 


30. 


31. 


Assertion: Horizontal range is same for angle of 
projection 6 and (90° — 6), if speed of projection 
is same. 

Reason : Horizontal range is independent of angle 
of projection. 

(1) A (2) B (3) C (4) D 
Assertion: The trajectory of an object moving 
under constant acceleration due to gravity can be 
a straight line or parabola. 

Reason : Initial conditions affect the motion of the 
object. 

(IJA (2) B (3) C (4) D 
Assertion: In order to hit a target, a man should 
point his rifle at a point higher than the target. 
Reason : The bullet suffers a vertically downward 
deflection due to gravity. 

(1) A (2) B (3) C (4) D 
Assertion: Two projectiles of masses m and 4m 
when projected with same initial velocity vector have 
different ranges. 

Reason : The horizontal range of a projectile 
depends on mass of the body. 

(IJA (2) B (3) C (4) D 

A man who can swim at a speed v relative to water 
wants to cross the river of width d, flowing with 
speed u. 


Assertion: He cannot reach the point B if u > v. 


d 
Reason : The time of crossing is T; ~ 7 
ví -u 
if u < v. 
(1) A (2) B (3) C (4) D 


EXERCISE-II (Assertion & Reason) 
(Gueļ 1 | zļs @ fs ye Pr | 8 9 0) a 2 | a aa (5 
Ans.| 1 | 2 [17 | 2 | 4 {1/3/13 [4/2 | 2/1 |] 2/3 {| 4 | 
|Gueļ| 16 | 17 | 18 | 19 || 20 | 21 |22 | 28 | 2a | 25 | 26 | 27 | 28) 29 | 30 


32. 


33. 


34. 


35. 


Assertion: If two particles, moving with constant 
velocities are to meet, the relative velocity must be 
along the line joining the two particles. 
Reason : Relative velocity means motion of one 
particle as viewed by the other. 
(1) A (2) B (3) C (4) D 
Assertion: Two particles start moving with 


velocities V, and V, respectively in a plane. They 


can meet only if component of their velocities 


perpendicular to line joining them are equal. 


Reason : Relative velocity of a body w.r.t. another 


body is calculated along the line joining them. 
(1) A (2) B (3) C (4) D 
Assertion: A coin is allowed to fall in a train moving 


with constant velocity. Its trajectory is a straight line 


as seen by an observer attached to the train. 


Reason : An observer on ground will see the path 
of coin as a parabola. 
(1) A (2) B (3) C (4) D 

Assertion: A man can cross river of width d in 
minimum time. On increasing the river velocity, 
minimum time to cross the river by man will remain 


unchanged. 


Reason : As velocity of a river is perpendicular 
to its width so time to cross the river is independent 


of velocity of river. 


(1) A (2) B 


ANSWER KEY 


Ans| 3 [| 1 [1 | 1 | 2 {a |] 4{]i1/]2i]3i{]3}]3f{1fidlta | 
ee 
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